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PARTICLE SHAPE AND DIFFERENTIAL SHRINKAGE 
OF STEATITE TALC BODIES* 


By RICHARD S. LAMAR 


ABSTRACT 


An attempt has been made to correlate the differential shrinkage of fired steatite 


pieces with the particle shape of the raw talc used in their manufacture. 
tales of widely varying particle shape were used in making the steatite test pieces 


Various 


It 


was found that the more irregular in shape the tale particles, the greater the differen- 


tial shrinkage. 


A method is given for assigning arithmetical values to various particle shapes de 
pending on their deviation from sphericity, this arithmetical value being known as 


specific shape factor. 


A direct relationship was found to exist between the differential 
shrinkage of a talc and its specific shape factor 


As the tale particles became more ir- 


regular in shape, the “specific shape factor’ value increased and the differential shrink- 


age was found to increase. 


The proper selection of the talc to be used and blends of 


various tales were found to be helpful in the control of differential shrinkage 


|. Introduction 

In the manufacture of steatite by the dry-press 
method as well as by the extrusion method, some talcs 
have been found to have a greater differential shrink- 
age? than others after firing. Tests made in this 
laboratory have shown that tales of uniform granular 
particle shape have comparatively low differential 
shrinkaye whereas those tales of a fibrous, micaceous, 
or irregular particle shape have comparatively high 
differential shrinkage. It has also been found that 
differential shrinkage is relatively higher in extruded 
bodies than in dry-pressed bodies and that it increases 
with increased pressure in dry-pressed bodies The 
differential shrinkage undoubtedly is caused bv pa. ticle 
alignment, and there would logically be a greater change 
for alignment upon extrusion than upon pressing. With 
increased pressure, however, greater alignment occurs 
and differential shrinkage increases. 

Each individual particle theoretically shrinks differ 
ently along its different axes, and the combined ef- 
fect of each particle results in differential shrinkage. 
Particle alignment, moreover, causes a difference in 

* Presented at the Forty-Sixth Annual Meeting, The 
American Ceramic Society, Pittsburgh, Pa., April 5, 1944, 
White Wares Division (supplementary title not listed) 
Received June 24, 1944. 

t Differential shrinkage means the relationship between 
linear and diametrical shrinkage. 


bulk specific gravity within different portions of the 
piece, which would also have a marked influence on the 
shrinkage. 

Various numerical values have been assigned in this 
work to different particle shapes depending on their 
relationship to spheres of equal volume or equal surface, 
the final result being a factor termed the 
shape factor.’’ This specific shape factor will be shown 
to be directly related to differential shrinkage, which 
varies directly as the specific shape factor varies. 


“specific 


ll. Calculation of Specific Shape Factor 

For any irregular-shaped particle, a hypothetical 
particle can be substituted which is spherical in shape 
and has the same volume or the same surface as the ir- 
regular-shaped particle. It would be possible, simi 
larly, to substitute a hypothetical diameter for such a 
spherical particle or an average diameter for a distri 
bution of irregularly sized and shaped particles. These 
average diameters are found to have values as shown 
in equations (1) through (5). 

The specific surface for a particulate substance is the 
surface per unit weight or unit volume of the substance ; 
therefore, the finer the material, the larger the specific 
surface. The specific surface (surface per unit weight) 
of a particulate substance can then be calculated by 
equation (6), if all of the particles are spherical in shape 
or are assumed to be spherical. Equation (6), how- 
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Mean diam. (length) = d; = Dnd*/Dnd (1) 
Mean vol. diam. = d, = WV >nd*/Sn (2) 
Mean surface diam. = d, = V dnd? Dn (3) 
Mean vol.-surface diam. = d,, = Lnd*/=nd? (4) 
Wt. mean diam. = d, = Tnd‘/Tnd*. (5) 


n = frequency of occurrence. 
d = diam. of particles occurring in distribution of particles. 


ever, will give only an approximate value in most 
cases because of the necessity of assuming the particles 
to be spherical. 

Sy = 6/d,P (6) 
= surface per unit wt. 


wt. mean diam. ‘as in equation (5)). 
density of material. 


Se 
dy 


The more irregular the particles, the greater will 
be the error in value for specific surface obtained in 
this manner; it is possible, therefore, to calculate only a 
hypothetical specific surface. This method consists 
of (1) determining the particle-size distribution of the 
material, (2) calculatmg a mean statistical diameter 
as described previously, and (3) from this, calculat 
ing a statistical specific surface based on the assumption 
that all of the particles are spherical. The specific 
surface of a substance consisting of irregular-shaped 
particles obtained in this manner will be low because 
for each individual particle in the material any devia- 
tion from sphericity would cause an increase in the 
surface of the particle and, Similarly, an increase in sur- 
face for a unit weight or unit volume of the material, 
which is essentially the definition of specific surface. 

If the actual or true specific surface of the material 
can be measured, this value will be related to the specific 
surface, based on the assumption that the particles are 
spherical by some factor which will be a measure of 
particle shape or, more properly, a measure of devia 
tion from sphericity. If the partic'es are actually 
spherical, the statistical specific surface will be equal 
to the true specific surface. The more irregular in 
shape the particles, the greater will be the difference 
between actual and statistical specific surfaces. For 
example, if Sw is the statistical specific surface and Sw’ 
is the true specific surface, equation (7) will result, 
and the shape factor for spherical surfaces is shown 


to be 
Sw/Sw’ = a,/x (7) 
a, = shape factor. 


When S = surface, V = volume, a, = shape factor, 
ad, = volume factor, d, = mean surface diameter, and 
d, = mean volume diameter for a particulate substance, 
equation (8) can be formulated 

V = a,d, and S = a,d,? (8) 

In the case of a sphere, a, r/6 anda, = m. If there 


are N particles in a unit weight of a material of den- 
sity, P, equations (9) and (10) can be formulated. 


V = 1/PN = a,d,* (9} 
Sw = SN = 1/P X a,/a, X d,?/d,* (10) 
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With N particles of weight, w, and density, P, the 
mean diameter is given by equation (11). 


(11) 


The surface of an average particle will be a.d,*, which 
will give equation (12). 


d = (1/a,y)'/3 (w/Np)'/s 


Surface = [a,(1/a,?}'/3] (w/Np)*/s (12) 


The term within the brackets in equation (12) is a 


measure of particle shape and may be termed the speci- 
fic shape factor of a particle. For spheres, the specific 
shape factor is 4.85; for irregular particles, it is usually 
greater than 6.0. Values ranging from 5.03 for uni- 
form, granular-shaped talcs to 6.11 for micaceous talcs 
were obtained by the writer in this study. 

Another means of defining irregular particles is by 
noting the value of the ratio of surface to volume fac- 
tors, that is, by the variable, a,/a,. It has been shown 
that a,/a, is approximately 6.1 for rounded particles, 
6.4 for worn particles, 7.0 for sharp particles, and 7.7 
for angular particles. For spheres, 6.0. 
This ratio enters into the formula for specific surface. 
Values greater than 6.0 were obtained for each of the 
talcs tested, showing that none of these tales was com- 
posed of truly spherical particles. The most spherical 
talc was the White Mountain talc (see Table I), having 
a shape to a volume constant ratio of 6.74. The least 
spherical was No. 2'/, A talc, which was composed of 
micaceous particles and which also had the largest 
differential shrinkage on firing. The ratio for this 
talc was 12.22, showing a great deviation from spheric- 
ity for this talc. 


a3/ag = 


lll. Data on Specific Shape Factor 

Six tale specimens were chosen for the tests, each 
being selected for its particular particle shape. Par- 
ticle-size distribution tests were made on each sample 
and a statistical specific surface value was calculated 
foreach. The true specific surface of each sample was 
then determined by Carman’s permeability method? 
and a shape and volume factor for each tale was calcu- 
lated from these values of statistical and actual specific 
surface. The specific shape factor was then deter- 
mined. Samples of each tale were formed into test 
pieces and fired at 2200°F., measured for linear and 
diametrical shrinkage, and the differential shrinkage 
was calculated. The specific shape factor was then 
plotted against differential shrinkage, and it was 
found that the more irregular the particles, the greater 
the specific shape factor and the greater the differential 
shrinkage. 

The hydrometer method was chosen to determine 
the particle-size distribution of each talc. By this 
method, a suspension is made of the material to be 
tested. As settling takes place, changes in specific 
gravity at definite time intervals are observed by 
means of a sensitive hydrometer, and the particle-size 
distribution can be calculated. The accuracy of the 
method depends on the accuracy of determining a refer- 

1 P. C. Carman, “‘Determination of Specific Surface of 
Powders ,I,’”’ Jour. Soc. Crem. Ind. { London], 57 [7] 225 
34 (1938); Ceram. Abs., 18 [10] 274 (1939). 
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TABLE I 
STATISTICAL Data ON Test TALC SAMPLES 
Specific surface (cm.*/gm.) Shape Volume Mean 
- ———___——— - —~ factor factor diam. 
Tale Particle type Statistical (Sw) Permeability (Sw’) (as) (ae) 6s/ae (dm) 
Oasis Semimicaceous 2.34 xX 103 3.15 xX 10 2.34 0.290 8.06 9.23 
Fibrene ‘‘C’”’ Fibrous 3.15 xX 10° 4.29 xX 10? 2.30 0.281 8.19 6.78 
No. 2'/2 A Extremely micaceous 1.05 xX 10? 2.14 X 10? 1.54 0.12 12.22 20.24 
Tale City Hi-Grade Granular 1.87 xX 10° 2.13 X 10° 2.7 0.404 6.84 11.71 
White Mountain Granular 2.10 xX 103 2.36 X 10? 2.80 0.415 6.74 10.35 
CB ceramic No. 99  Semifibrous crystal- 1.515 X 10° 1.785 X 10° 2.66 0.376 7.08 13.90 
line 
Shrinkage (% 
Specific 
shape factor Diametrical Linear Differcatial 

(av) (D) (L) (L — D) 

Oasis 5.34 2.98 5.14 2.16 

Fibrene ‘‘C”’ 5.36 7.80 4.39 3.41 

No. 2'/, A 6.11 0.11* 6.81* 6.70 

Tale City Hi-Grade 5.05 4.64 4.36 0.28 

White Mountain 5.03 2.38 2.40 0.02 

CB ceramic No. 99 5.10 2.28 3.50 1.22 


* Expansion occurred here. 


This method gives only a statistical specific surface, 
based on the assumption that all of the particles are 
spherical. The results obtained by this method were 
low. In order to obtain the true specific surface of 


ence point along the length of the hydrometer below 
which any change in density would not affect the 
hydrometer. This constant is called the ‘effective 
depth’’ and may be calculated by the use of equations 


(13), (14), and (15). 

If L be the distance from the surface of the suspen- 
sion to the volume center of the hydrometer and if the 
submerged part of the stem is neglected, equation (13) 
can be derived. 


L= L; 2 Va A) (13) 
L, = distance from top of suspension to top of hydrometer 
bulb. 
L. = length of hydrometer bulb. 
Ve = volume of hydrometer bulb. 
A = cross-section area of graduate. 
Equation (14) is then formulated. 


de=0.175 Vu/P—PoXVL/t (14) 
de = equivalent spherical diameter (mm.). 


viscosity of suspension (poises). 


= 
P = density of particles. 
Py = density of fluid. 

= time (min.). 

L = function of density. 


The weight percentage of solids in suspension at 


depth L at time ¢ is then calculated from equation (15). 
C/100 = 1000 Po (vo — Pe) 


P/P (15) 


C = wt. concentration of particles per unit volume. 
w= wt. %. 
Ue = specific gravity of suspension at time ¢. 
The statistical specific surface may be calculated 
from the particle-size distribution by equation (16). 


A x 


Sw = P (16) 
Sw = specific surface (cm.*/gm.) 
K = shape constant ratio (e.g., a,/a¢ = K = 6 for 
spheres). 
P = density of material 
nandd = frequency (percentage) and mean diameter, 


respectivel 


(1944) 


each sample, Carman’s permeability method! was used. 
This method has been found to hold true over quite 
large ranges in a change of particle shape and, for this 
reason, gives a much truer value of specific surface for 
irregular particles than does the statistical method 
based on particle-size distribution. 

Carman’s method is based on the Kozeny equation? 
(17). 


kA v,' 2x AP 17 
g = 
— v,)? L 
q = rate of flow through packing 
A cross-section area. 
UV» = voids per unit wt. 
AP = pressure gradient. 
L «= depth of packing. 


Carman defined permeability by use of equation 


(18). The value of K’ was found to be 5.0 for most 
materials. 
q 
P = = 
K‘'vSv* (1 — v,)* 
K’ = 1/K. 
v = pu/Po. 


Equation (18) can easily be put in the form of equa 
tion (19), from which it is possible to calculate the 
specific surface from the porosity and permeability of 
the sample. 


Sw = 14/P, V1/Pc'v X — v)? (19) 


For fibrous materials, the value of constant K’ must 
be changed from 5.0 to 5.5. The evaluation of the 
porosity function, »°/(1 — 9)?, is critical and must be 
determined to the utmost accuracy. 

? Josef Kozeny, “Uber Kapillare Leitung des Wassers 
im Boden (Aufstieg, Versickerung, und Anwendung auf 
die Bewdasserung),” Sitzb. Akad. Wiss. Wien. Math 
naturw. Klasse, 136, Abt. Ila, 271-306 
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IV. Value of Calculations 


The results of this work lead to several definite con- 
clusions as to the effect of particle shape on differential 
shrinkage. (1) Particle shape does control differen- 
tial shrinkage; (2) differential shrinkage is not con- 
trolled by particle size, but particle size affects shrink- 
age; (3) generally, the more irregular the particles, the 
higher the specific shape factor and the greater the 
differential shrinkage of the particulate substance; 
(4) the various values for linear and diametrical shrink- 
age suggest that differential shrinkage can be largely 
controlled by blending talcs of different particle shape; 
(5) irregularity of shape toward the micaceous form 
usually causes greater differential shrinkage than the 
fibrous form; and (6) increased fineness or a change in 
particle-size distribution for each tale was found to 
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have no material effect on the particle shape and there- 
fore did not change the differential shrinkage. 

It is interesting to note the high shape factor for 
the CB ceramic No. 99 tale (Table I). The differen- 
tial shrinkage on this material is low, which in part 
bears out the high shape factor obtained. Many of 
the particles, although quite irregular as compared 
with spheres, were found to be rough rectangular paral- 
lelopipeds which act much like spheres. 

Sample No. 2'/; A tale is extremely micaceous and 
the particles appear to have a lamellar structure. 
The firing expansion is probably due to exfoliation; 
this, however, is not true of the Oasis tale. Table I 
shows statistical figures on each grade of the talc test 
samples. 


Srerra CoMPANY 
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PARTICLE-SIZE DISTRIBUTION OF STEATITE TALC* 


By J. S. WHITE 


ABSTRACT 


Experiments were made to determine which degree of fineness of ground talc would be 


most suitable for steatite-type ceramics. 


A laboratory-type air separator, Andreasen 


pipette, and the Casagrande hydrometer methods were used to measure the particle-size 


distribution of commercial steatite tales. 


The results indicate that, although wide variations in the particle-size distribution 
of steatite tales have a bearing on the firing shrinkage when the talc is incorporated in a 
body, the differences in grinding obtained in commercial talcs are not of great impor- 
tance when proper milling practice is employed. 


|. Introduction 

In the past, high-grade talc, such as that required for 
steatite manufacture, has been purchased on a basis of 
the percentage retained on a 200- or 325-mesh screen, 
possibly a carry-over from the experience of the talc 
producers in grinding for the cosmetic industry where 
the important specifications are “‘slip,’’ color, and free- 
dom from certain irritating impurities and grit. The 
experimental work discussed in this paper was carried 
out for the purpose of determining what degree of fine- 
ness might be most desirable for use in the manufacture 
of steatite ceramics. 


Il. Particle-Size Measuring Equipment 

The measurements of particle-size distribution be- 
yond 200-mesh were made chiefly by one of two meth- 
ods. The first method employed, and the one chosen 
for most of the work, was the use of a laboratory-type 
air separator. With a given rate of air flow, a sample of 
the talc was separated into coarse and fine fractions, 
and the percentage of the original sample remaining in 
the coarse fraction was determined by weighing. The 
coarse fraction was selected in order to avoid errors 
that might be introduced by the difficulty in recovering 


* Presented at the Autumn Meeting of the White Wares 
Division, The American Ceramic Society, Uniontown, Pa., 
September 17-18, 1943. Received May 4, 1944. 


all of the ultra-fine material from the dust-collecting 
bags. The exact size at which the separation was made 
was measured with « microscope equipped with a cali- 
brated ocular. This method was felt to be more de- 
pendable than attempting to calibrate the separator in 
terms of the rate of ax flow. Repeating with different 
rates of air flow made it possible to plot a particle-size 
distribution curve. The type of plot used was one 
showing cumulative percentage of material coarser 
than a given size, plotted on a linear scale, against that 
size expressed in microns, plotted on a logarithmic scale. 
The logarithmic scale was employed because it has the 
characteristic that any size ratio is always represented 
by the same distance on the particle-size axis. 

Later curves were determined by means of the An- 
dreasen pipette method in which the sample was dis- 
persed in a liquid; the concentration of solid ma- 
terial in samples drawn off at a certain depth below the 
surface at various time intervals, was used to calculate 
the particle-size distribution by the application of 
Stokes’ law. A few of the most recent measurements 
have been made by the Casagrande hydrometer method, 
which is basically similar to the Andreasen pipette 
method except that a hydrometer is used to determine, 
at various intervals, the density of the suspension at a 
fixed distance below the surface. This avoids the neces- 
sity of carefully drying and weighing a series of samples. 

The air-separator method has several disadvan- 
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| 
20; § 
Fic. | Particle-size distribution curves of six typical 
tales Fic. 2._-Comparison of particle-size distribution of tale 
ground in two plants, 
tages. It requires a large sample for testing and is 
time-consuming, due te the number of samples which 
must be separated. In the case of tales, an additional 
drawback is the necessity of running each sample re 
peatedly to id a considerable error caused by parti 
cles which clump together and act as a single large par 1070 
ticle 
The two sedimentation methods, although requiring vy) 
a comparatively long time to run, do not demand con Pe 
tinuous attention and therefore consume less of the yi 50 
operator's time. If the proper deflocculant is used, no < 
trouble is encountered from clumping of the particles ¥ 
Of these two sedimentation methods, the hvdrometer N 
method is probably better for routine checking of | ~ 
particle size, since the equipment for running a number JO t 
of simultaneous tests is less costly and the necessity of \ y 
making a large number of time-consuming analytical N 
balance weighings is avoided. Some uncertainty, how & ) 
ever, arises from the disturbance of the settling column YO 
by the introduction of the hvdrometer and also from the . MY 
fact that the hvdrometer does not actually measure the N t 
density of the suspension at a fixed depth but rather an Q % 
average density over a range of depths inasmuch as the K » 
hydrometer bulb occupiesaconsiderable amount of space , <O 
Ill. Comparison of Commercial Tales & 
Figure | shows typical particle-size distribution « 
curves obtained from six different tales. Four of the — 4 4 
tales were obtained from the California district and GOZO0GO 2O 4 
were ground in Raymond-type mills. One, specially tt 


selected for low tremolite content, was from New York 
State and was ground in a tube or bail mill. The sixth yg 3—Comparison of particle-size distribution of so- 
was from Manchuria, ground in an unknown type of called ‘‘200-mesh"’ and ‘325-mesh”’ tale 


(1944 


| 


322 
os; 
DIAIIE 
N 
N 
£5 
t 
4 
LONGITUOINAL 
5} 
0. G0 60 100 
100 BGO 60 40 O 
Fic. 4.—Effect of substitution of ““200-mesh"’ tale for 


talc on shrinkage of a tale-clay body (total 
talc 84%, ball clay 16%). 


**325-mesh”’ 


mill, probably in Japan. The differences in particle 
size distribution between the various tales were not 
particularly great as the composite curves show. The 
sizes corresponding to 200-mesh and 325-mesh, marked 
on the particle-size axis, show the inadequacy of screen 
sizes as an indication of the degree of fineness of talc. 

Figure 2 shows the particle-size distribution obtained 
on two samples of talc, both from the same deposit but 
ground in two different plants of the same supplier. 
The two curves are quite similar except for a slight 
difference at the extreme fine end. This similarity is 
evidence that it is possible for millers to grind talc to 
similar particle-size distribution in successive lots even 
though it may not be done in exactly the same mill, but 
it does not mean that a change in the material fed to 
the mill, arising from changes in the sorting of the crude 
talc, will not affect the particle-size distribution. It 
does indicate, however, that the mill operation itself 
can be controlled with sufficient accuracy to insure a 
uniform material. 

Figure 3 shows the particle-size distribution for 
samples of a talc, ground to two specifications, namely, 
325-mesh"’ and ‘‘200-mesh.’’ It will be seen that the 
difference is very slight, the finer material being ap- 
proximately what would be obtained if about 8% of 
+325-mesh material were removed from the coarser. 
The amount of shrinkage of these two lots of tale when 
incorporated into a vitreous extruded test body was vir- 
tually the same (see Fig. 4), and there was no noticeable 
difference in the texture or porosity of the test bodies. 
This suggests that it may be possible to lower the cost 
of tale for ceramic purposes by using a coarser grind 
than that which has become standard for the cosmetic 
trade. This, of course, would be of more importance in 
the cheaper grades of talc because the grinding cost for 


Journal of The American Ceramic Society—White 


A 


LOO sSIESH 


DIAIIE TER 


PERCENT COARSER THAN MACATEO 


Particle-size distribution curves of standard grind 
and extremely fine grind talc 


Fic. 5 


such grades is a greater portion of the total cost. The 
limit to which this grinding could be carried would, of 
course, be determined by the size which would begin 
to cause inhomogeneity in the body. This stage had 
definitely not been reached with the coarser of the two 
materials tested. 


IV. Effect of Extra Fine Grinding on Body Shrink- 
age 

In order to test the effect of a fineness considerably 
beyond that of the usual grinds, a sample of the super 
fine material collected in the “‘bag house’ of the tale 
mill during the grinding of a lot of talc was obtained 
for comparison with the standard grind produced at 
the same time. 

Figure 5 shows the particle-size distribution of the 
standard grind and of the superfine material. The 
superfine material would be approximately 1000-mesh 
material if the Tyler-screen series could be extended. 
This size has approximately the same relation to 200 
mesh as 200-mesh does to 28-mesh. 

This material was incorporated into a series of test 
bodies composed of 84% tale and 16% ball clay with the 
superfine material replacing varying proportions of 
the standard tale up to 100% of the tale content. The 
bodies were prepared for extrusion with a constant 
small amount of organic binder and a constant percent- 
age of mixing water and were extruded in a cylindrical 
column approximately one inch in diameter. The dried 
samples were fired together at a temperature which re- 
sulted in a moisture absorption of less than 0.05% for 
all of the samples. The percentage of shrinkage of the 
No. 11 
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Fic. 6.—Shrinkage of test body with substitution of 


extremely fine tale for standard-size talc 


series of bodies is shown in Fig. 6. It will be seen that, 
for a large difference in particle size, the effect of the 
shrinkage is appreciable. 

In the extrusion of tale bodies, the high ratio of di 
ametral shrinkage to longitudinal shrinkage is a source 
of considerable trouble, causing distortion of shapes 
machined in the ware. For example, round holes that 
were drilled in green extruded stock at right angles to 
the direction of extrusion will be oval after firing. It 
might be thought that extremely fine grinding of the 
talc would have some effect on this ‘differential 
shrinkage.’’ The shrinkage data shown in Fig. 6, how 
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ever, indicates that any suc’: effect is very slight, the 
ratio of the two shrinkages remaining practically con- 
stant for the whole series of bodies. This result should 
not b» altogether unexpected, inasmuch as the differ 
ential shrinkage is probably due to alignment of the 
elongated or platclike tale particles as they flow through 
the extrusion die. Finer grinding of the tale should not 
change the relative shape of the particles, which is de 
pendent on the natural cleavage characteristics of the 
mineral. 

The use of the dust-collector fines in the foregoing 
work is open to some question for it allows the possi 
bility that there has been a preferential selection of 
some part of the talc in the separation, leading to a dif 
ference in actual composition of the two grades of talc. 
This possibility was checked by a similar experiment in 
which the shrinkage of a standard grind tale was com- 
pared with that of the same tale which was ground in 
such a manner that the whole sample was completely 
reduced to the finer size. Results in this test were 
similar to those obtained when dust-collector material 
was used. 


V. Summary 

These tests indicate that, although particle-size dis 
tribution in steatite tales has a bearing on the firing 
shrinkage when the talc is incorporated in a body, the 
differences in grinding normally found in commercial 
tales are not of great importance. If extremely close 
control of the particle-size distribution of a certain talc 
is thought to be necessary, it can be attained by the 
talc producer. There are indications that coarser grind- 
ing may be advantageous for ceramic users from a cost 
standpoint and may be used without entailing radical 
changes in shrinkage. There appears to be no change 
in the ratio of diametral to longitudinal shrinkage in ex- 
truded bodies attributable to the particle size of the 
tale. 


Strupakorr Ceramic & MANUFACTURING COMPANY 
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EFFECT OF ADDITIONS OF DIOPSIDE ON PROPERTIES OF 
WALL-TILE BODY* 


By C. R. AMBERG 


ABSTRACT 


Diopside was substituted for both tale and feldspar in a typical wall-tile body. It 
was found to lower the fusion temperature and to lower thermal expansion when com- 


pared with tale and to raise thermal expansion when compared with feldspar 


Its ef- 


fects on firing shrinkage, fired absorption, and moisture expansion were somewhat simi 


lar to those of talc. 


|. Introduction 


In northern New York State, large quantities of a 
white diopside occur in deposits from which it is easily 
obtained by open-pit methods. It is contaminated with 
a little quartz and graphite, which are sufficiently 
segregated to permit removal by sorting. Theoretical 
diopside has the formula CaO-MgO-2SiO., but this 
particular material contains an appreciable amount of 
alumina and a small amount of iron. 

A program of experimental work to search for uses of 
this diopside in ceramics has been started at the New 
York State College of Ceramics, and material from 
some of the preliminary investigations 1s given in this 
paper. It was hoped, among other possibilities, that 
diopside might serve much the same purpose as tale in 
a wall-tile body. 


ll. Experimental 


A series of bodies was prepared from compositions 
given in Table I and Fig. 1. These bodies were blunged, 
lawned, and dried in lined plaster bats. Dry-press 
bodies containing 8% of water were prepared, tempered, 
and disintegrated to pass a 28-mesh screen, and the 
test specimens were pressed at 2000 Ib. per sq. in. 
Draw trials were made at a series of temperatures for 
shrinkage and absorption measurements. The pyro- 
metric cone equivalent values were obtained, and 
thermal-expansion measurements were made on selected 
samples by means of the interferometer. The samples 
used for expansion measurements were those of the four 
end members of the blending diagram, fired at tempera- 
tures to produce approximately 10% absorption. The 
actual firing temperatures and absorptions are given in 
Table II. 

Tile, pressed on a screw press, were fired at selected 
temperatures, glazed with a cone | glaze, and glost 
fired. These specimens were subsequently given an 
autoclave treatment of 150 Ib. for one hour. It was 
intended to secure bodies with absorptions of the 
order of 10%. The screw press, however, evidently 
produced lower forming pressures than that of 2000 Ib. 
per sq. in. used for the draw trials with the result that 
absorptions were higher than expected. The actual 


* Presented at the Forty-Sixth Annual Meeting, The 
American Ceramic Society, Pittsburgh, Pa., April 5, 1944 
(White Wares Division). 
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figures for this property in the tile used for glazing as 
well as the results on moisture expansions are given in 
Table IV. 
The following frit and glaze formulas were used: 
Frit formula 


PbO 0.455 


KNaO 0.182 ALO, 0.10 

CaO 20 
Glaze formula 

PbO 0.25 9 

KNaO 0.25} ALO; 0.30 

CaO 0.50 


Bar specimens, also made on the screw press, were 
autoclaved for one hour at 150 Ib. per sq. in., and the 


percentage moisture expansion was determined by 


2O feldspar 20 feldspar 
tale ljionside 
20 alc 4 LYUA/Of q 
+ 7/C 4UQICDS/VE 
Fig. 1.—Test body compositions (see Table I 


TABLE I 
Test Bopy Compositions (see also Fig. 1 


Body 


Old Mine Ky. No. 4 ballclay 12 12 12 12 12 12 
Champion Challenger ballclay 10 10 10 10 10 Jv 
Edgar plastic kaolin 15 15 15 15 15 15 
Vanderbilt pyrophyllite 23 23 23 23 23 23 
N. Y. tremolitic talc 20 «10 0 40 20 0 
Burnham diopside 0 10 20 0 20 40 
Buckingham feldspar 20 20 20 0 O O 
TABLE II 
FIRING TEMPERATURES AND ABSORPTION DATA ON TESTI 
BopDIESs 
Fired 
Body Cone No absorption (%) 
A 2! 7.2 
02 10.0 
D 8 9.9 
F 6 10.5 
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Fig. 2.—Firing characteristics of test bodies. 


Fig. 3.—Firing characteristics of test bodies. 


micrometer measurements. The results on these speci 
mens also appear in Taple IV. 


lll. Results 

The P. C. E. values of the bodies were as follows: 
Body A cone 11'/2, B 10, C 9, D 14, E 8, and F 8. 
The bending interval was very short in all cases. The 
substitution of tale for feldspar raised the P. C. E., but 
it was lowered by the substitution of diopside for either 
tale or feldspar. 

The firing characteristics of the bodies are shown in 
Figs. 2 and 3, where it is evident that the feldspar-bear 
ing bodies have greater shrinkages and can be fired to 
lower absorptions without too much danger of complete 
fusion of the body. The substitution of either tale or 
diopside for feldspar, in general, produced bodies of low- 
firing shrinkage and high absorption. The substitution 
of diopside for talc in the feldspar bodies tended to in 
crease the shrinkage slightly and to decrease the ab 


sorption. The substitution of diopside for talc tended 
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Fig. 4 rhermal expansion data on test bodies 


to decrease slightly both shrinkage and absorption in 
the bodies containing no feldspar. 

The color of the bodies was adversely affected by the 
diopside. All bodies had an ivory color at the lower 
temperatures; at the higher temperatures, the diop 
side produced a grayish body with an olive tint in the 
draw trials and a buff color in samples that were cooled 
with the kiln. This color would naturally set some 
limitations on the use of diopside in the bodies. The 
color apparently is caused by an iron-bearing phase 
which separates from solid solution in the diopside at 
about 1200°C. Inasmuch as the iron does not exist as 
a separate mineral, there is no hope of separating it 
from the raw diopside. 

rhe thermal-expansion data on bodies A, C, D, and F 
show some interesting effects (Fig. 4). Body A shows a 
fairly straight-line expansion at the lower temperatures 
with a distinct quartz inversion at 575°C. and a lower 
expansion thereafter. When the talc is substituted for 
the feldspar (body D), a hump produced by cristo 
balite or tridymite appears in the region between 100° 
and 200°C. and a greater over-all expansion of the body 
occurs. Some quartz is still present as indicated by the 
hump at 575°C. This presence of tridymite and cristo 
balite explains the permanent expansion shown in 
Fig. 3 for body D. The tridymite and cristobalite are 
probably derived chiefly from silica freed by the de 
composition of the clay and pyrophyllite. 

When diopside is substituted for feldspar (body F) 
a similar phenomenon takes place, but the humps for 
both quartz and cristobalite are much less pronounced 
and the increase in over-all expansion is considerably 
less. The silica minerals apparently had entered into a 
glassy phase to a large extent. 

When diopside is substituted for talc, a distinct lower 
ing of the over-all thermal expansion takes place. In 
the feldspar-free bodies, the silica inversion humps are 
markedly reduced. 

The lowering of expansion when a high-limed material 
is substituted for a high magnesia was unexpected 
but with similar degrees of vitrification, the effect in 
these bodies is pronounced. Further confirmation of 
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Taste III 
RESULTS OF GLAZE TRIALS 
Crazing 
Before After 
Body Cone autoclaving autoclaving 
A 02 Slight Severe 
A 5 
B 02 Moderate 
B 5 Severe 
02 
5 “ “ 
D 5 None None 
D Moderate 
E 5 None 
E 8! Moderate 
F Slight 
TABLE iV 


PERCENTAGE ABSORPTION AND MOISTURE EXPANSION 
ON Boptes FrrReED AT DIFFERENT P. C. E. 


Cone No 
Body 04 02 5 
; (%) (%) %) (% %) 
A Absorption 19.8 17.2 9.8 
Moisture 
expansion 0.1 0.05 <0.01 
B Absorption 21.5 i6.3 8.8 
Expansion 0.1 0.05 0.02 
Cc Absorption 19.0 16.3 9.0 
Expansion 0.08 0.06 0.04 
D Absorption 18.5 18.3 
Expansion 0.03 0.03 
E Absorption 21.1 19 3 
Expansion 0.03 0.03 
F Absorption 18.3 17.8 5.3 
Expansion 0.04 0.03 <0.01 


this tendency is illustrated by the glazed tile before 
autoclaving as is shown by bodies A, B, and C in Table 
III. 

The effect of the low thermal expansion of body A ap- 
pears as a slight crazing, and the still lower expansion 
of bodies B and C show progressively increased sev. “ity 
of crazing. The higher expansions of bodies D, E, aiid 
F result in no trace of crazing. 

In the autoclave test, all of the feldspar-bearing 


bodies exhibited severe crazing, whereas the bodies 
free from feldspar showed either no crazing or markedly 
less crazing. With the latter bodies, those fired at the 
lower temperatures showed less crazing even when the 
absorptions were about the same as those fired at higher 
temperatures and only those containing some talc 
came through the test with no crazing. Because the 
moisture expansion, given in Table IV, was of much the 
same order of size in bodies with high tale and high diop- 
side, the absence of crazing in the talc-bearing bodies 
can best be accounted for by assuming that the high 
thermal expansion of these bodies placed the glaze under 
a greater degree of compression so that more mois.ure 
expansion would be needed to throw the glaze under 
tensile stress. With a properly designed glaze, the 
diopside bodies would probably also be resistant to the 
autoclave crazing. 

As was to be expected, the moisture expansion of all 
bodies decreased with decreasing absorptions, but with 
corresponding absorptions, the feldspar-containing 
bodies showed higher moisture expansions. The sub- 
stitution of diopside for talc in these bodies tended to 
produce bodies with higher moisture expansion. 

In the feldspar-free bodies, no difference in moisture 
expansion occurred when the tale was partially replaced 
by diopside and, in bodies of similar absorption, a slight 
increase in moisture expansion was experienced when 
diopside entirely replaced talc. 


IV. Summary 

The New York State diopside produces the following 
effects in the wall-tile bodies: (1) P. C. E. values are 
lowered when diopside is substituted for either feldspar 
or talc; (2) diopside produces effects similar to talc on 
the absorption and shrinkage of the bodies; (3) diop- 
side has the disadvantage of producing a buff color 
when used in large quantities at higher temperatures; 
(4) the thermal expansion is lowered when diopside is 
substituted for tale and it is increased when substituted 
ior feldspar; (5) the moisture expansion is lowered 
when diopside is substituted for feldspar but is not 
quite so satisfactory in this respect as talc; (6) the 
tendency of a glaze to craze both before and after auto- 
claving is diminished when diopside is substituted for 
feldspar but it is not as effective as talc in this respect. 
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FUSION EXPERIMENTS IN SYSTEM MgO-FeO-Cr.O;-Al.O;* 


By HENRY N. BAUMANN, JR. 


ABSTRACT 


Various methods have been suggested and tried for modifying chrome ores for refrac 


tory use 


Chrome ores vary widely in chemical composition but are made up chiefly of 


MgO, AI,O;, FeO, and Cr,0; combined as a member of an isomorphous spinel-type series 
The problem of modifying chrome refractories by chemical and thermal treatment 


therefore involves a knowledge of the system MgO-FeO-Cr,0;-Al,Q;. 


The present 


study is based on experiments in which two series of chromium oxide-alumina fusions 
containing 10° and 30% Cr-O;, respectively, were fused in an electric-arc furnace with 


MgO up to 5% and with FeO up to 5%. 


The determination of the effect of silica and 


titania on the primary crystallization of these fusions, as indicated by a petrographic 
method of examination, was the chief purpose of this work 


|. introduction 

Among the natural sources of oxides that can be 
fabricated into refractory products, the only com- 
mercial source containing chromic oxide is chrome ore. 
Perhaps no other source of refractory oxides is so vari 
able or complicated in chemical and physical composi 
tion. Although the mineral composition of chrome ore 
is often simply called chromite (FeCr.O,), actually it is 
known that the iron is often replaced in part with 
magnesium and the chromium in part with aluminum. 
This isomorphous mineral, which may be given the 
molecular formula is 
always associated with more or less accessory minerals 
that vary widely in amount and composition depending 
on the origin of the chrome ores. As shown by Seil,' 
these associated minerals often consist of one or more of 
the magnesium silicates, sometimes contaminated with 
smaller amounts of other elements. 

The thermal! study of any combination of the oxides 
that form chrome ores or, perhaps, the result of treat- 
ing chrome ores is therefore important. The phase 
rule diagram of the system MgQO-—Al,O;-SiO, and its 
included binary system have been established for some 
time.? Wilde and Rees* more recently have studied 
the system MgO-Al,O;-Cr,O;. The results of their 
work gave only a partial solution of the constitution 
diagram, owing to the difficulty of studying phase-rule 
relationships in complicated oxide systems of this 
order of refractoriness. In working with chrome ores 
from various sources, the amount of alumina dissolved 
by the spinel component of the fusion was found to 
differ widely, depending largely on small variations in 
the silica content of the ore. 

In order to define more clearly the effect of these 


* Presented at the Forty-Sixth Annual Meeting, The 
American Ceramic Society, Pittsburgh, Pa., April 5, 1944 
(Refractories Division). Received April 5, 1944. 

1G. E. Seil, ‘‘Refractories from a Metallurgical View- 
point,” Ind. Heating, 2 |9] 517-21, 538-40; [10] 587-90; 
[11] 651-53; [12] 713-17 (1935); Ceram. Abs., 15 [3] 94 
(1936). 

A. Rankin and H. E. Merwin, ‘‘System MgO-Al,O; 
SiO2,’’ Amer. Jour. Sci., [4th Series], 45, 301-25 (1918). 

3 W. T. Wilde and W. J. Rees, ‘‘Ternary System MgO 


Al,O;-SiO2,”” Trans. Brat. Ceram. Soc., 42 [7] 123-55 
(1943). 
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variables, the writer worked with natural ores and com 
mercial oxides and also conducted experiments, using 
technically pure oxides, definite proportions of which 
were fused electrically. The results of these experi 
ments are incorporated in a patent‘ covering a fusion 
cast refractory composition high in chrome corundum 


ll. Method of Preparation and Examination 

The fusions were made in a small electric arc fur 
nace, using l-in. graphite electrodes and 10-lb. batches 
of technical-grade oxides in the proportions shown 
later. The fusion took place rapidly, and the elec 
trodes were so manipulated that there was no reduc 
tion to metal. The batches were completely fused, 
and the resultant fusions were rapidly cooled in place. 
These fusions are believed to be representative of the 
composition and structure characteristic of equilibrium 
conditions not much below the liquidus of each com- 
position fused. That this equilibrium near the liquidus 
was in general obtained was indicated in the case of 
magnesia-alumina-chrome oxide fusions by compari- 
son with the established system MgO-Al,O;, where the 
composition approximated established conditions. For 
example, this fusion, which approximated the Rankin 
and Merwin? composition of MgO 5% and Al,O; 95% 
(10% of the Al,O; was replaced with Cr,O; in the 
present study) gave a phase relationship of spinel 
alumina solid solution to alpha-alumina very close to 
that shown by the Rankin and Merwin diagram, as 
indicated in Fig. 4; the writer is therefore quite sure 
that the high-temperature equilibrium was maintained 

Wilde and Rees’ found that the magnesia-spinel 
solid solution of alumina is unstable at lower tempera 
tures, a fact the writer had independently observed 
when heat-treating spinel-alumina solid solutions 
at 1400°C. 

In the present study, it is believed that the rate of 
cooling was too rapid for dissociation of the spinel 
alumina solid solution. 

Petrographic thin sections were made of a number 


‘R. C. Benner, H. N. Baumann, Jr., and G. J. Easter, 
‘Refractory and Abrasive Material and Process of Mak- 


ing,” U. S. Pat. 2,279,260, April 7, 1942; Ceram. Abs., 21 
i. 126 (1942) 
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TABLE I 


PETROGRAPHIC EXAMINATION OF FIRST 


SERIES 


RESULTS OF 


Part I Fusions made in 10-Ib. lots; alumina-to- 
chromic oxide ratio kept constant at Al,O; 90°) to Cr2O; 
10% 


Percentage of each constituent 


Aniso Aniso- 


Composition tropic Iso tropic 
> 1.740 tropic <1.740 Opaque 
MgO 5 17 53 
MgO 3 59 41 
MgO 1 95 5 
MgO 5 Si0;3 52 48 
MgO 5 SiO: 2 84 16 
MgO 5 SiO, 1 83 17 
MgO 3 Si023 S4 16 
MgO 3 SiO, 2 SS 12 
MgO SiO: 1 89 11 
MgO1 SiO,3 79 21 
MgO 1 Si0;2 87 13 
MgO 1 SiO, 1 95 5 
MgO 5 TiO, 3 61 37 2 
MgO 5 TiOe 2 55 $1 4 
MgO 5 TiO, 1 +9 51 
MgO3 TiO, 2 8 3 1 
MgO 1 TiO.2 11 7 l 
Met FeQ 5 32 12 
FeOd3 72 27 l 
MgO 5 FeO 1 65 33 2 
MgO3 FeO 5 69 29 1 i 
MgO3 FeO3 76 21 l 2 
MgO3 FeO 1 76 i4 
MgO 1 FeO5 90 6 2 2 
MgO 1 FeO3 3 
MgO1 FeO] 96 3 l 
Part II Fusions made in 10-lb. lots; alumina-to- 
chrome oxide ratio constant at AhkO; 70°, to CreO; 30 
Percentage of each constituent 
Aniso Aniso 
Composition tropic Iso tropic 
1.740 tropic 1.740 Opaque 
MgO 5 61 39 
MgO 76 +] 
MgO | 79 21 
MgO 5 Si10.3 10 
MgO SiO, 2 2 18 
MgO 5 1 73 24 


of fusions, and the primary or at least chief crystalline 
phase was generally chrome-corundum. 

The method of determining the percentage of the 
different crystalline phases in the various samples was 
by means of petrographic examination of powders. 
The sample was powdered to 200-mesh and finer in a 
Diamond mortar, sieving being done frequently so as 
to produce a minimum of fines. The measurement 
consisted in making an actual count of the percentage 
area occupied by the chrome-alumina crystals, spinel, 
and constituents. The counting was 
done by means of an ocular net grating. The powder 
was immersed in an oil having a refractive index, » = 
1.740. (a) Isotropic material was chiefly spinel or glass 
of eutectic composition; (b) anisotropic material 
> 1.740 was chiefly chrome-corundum, which could 
also be identified by its purple color and its dichroism; 
(c) anisotropic material < 1.740 was negligible or small 
in amount in most cases, and when it was sufficient in 
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Fic. 3,—Effect of varying FeO and MgO on Cr.0;—Al,O; 
(1:9) content. 


amount to measure, it was counted but not identified; 
(d) some samples contained small amounts of opaque 
material, and when this was sufficient in amount it was 
measured and counted. Opaque particles were not 
definitely identified but were believed to be either 
magnesium titanate or magnetite. That this method 
is practical is shown in such instances where crystal- 
phase compositions were approximately those con 
tained in established constitution diagrams since they 
agreed closely in phase composition with the data cal- 
culated from the published phase-rule diagram. 

Two series of fusions were made as follows: (1) A 
series in which 90° alumina and 10° chromium oxide 
was fused with variable amounts of other oxides and 
(2) a series in which the alumina-to-chromic oxide 
ratio was kept constant at 70% alumina to 30% 
chromium oxide. The results of the petrographic 
examination of the first series is recorded in Table I. 

The data from Table I are incorporated in the graphs 
of Figs. 1, 2,3, and 4. Figure 1 summarizes the chrome 
corundum counts in which chromium oxide-alumina 
fusions with MgO additions from 0 to 5% were heated 
with SiO, from 0 to 3%. Figure 2 summarizes fusions 
similar to Fig. 1, but the treatment was made with 
titania (TiO,.); in Fig. 3, the treatment required FeO 
up to 5%. Figure 4 gives two curves, one of Cr.O; 
10%, Al,Os 90% and another Cr.O; 30%, Al,O; 70%, 
to each of which MgO additions from 0 to 5% were 
made; these curves may be compared with the dashed- 
line curve, which is based on the Rankin and Merwin 
MgO-Al.O; diagram.? 

In all of the figures, the percentages of chrome- 
corundum that had been determined by the petro- 
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Fic. 4.—Effect of varying Cr,O; and MgO when fused 
with Al,O;; curve (1) 30% Cr,0; to 70% Al,O;; curve (2) 
calculated from Rankin and Merwin MgO-AI.O; diagram; 
curve (3) 10% Cr.O; to 90% AlsOs. 


graphic method described previously are plotted verti 
cally. 


Ill. Conclusions 

(1) In an electric furnace fusion of MgO-Cr.O 
Al.O; within the limits studied, silica up to 3° 
lesser extent titania up to 3% tend to inhibit or de 
crease the solid solution of alumina in spinel (Figs 
1 and 2). 

(2) As the amount of chromium oxide increases in a 
chrome ore-alumina fusion, the alumina becomes less 
souble in a MgO(AICr),.O; phase. The present exper 
ments indicate this to be true up to a 30°) replacement 
of for (see Fig. 4). 

(3) As the amount of iron is increased up to at least 
5% FeO in a chro.ne ore-alumina fusion, the alumina 
becomes less soluble in the (FeQMg)O, (CrAl).O; phase 
(Fig. 3). 

These conclusions of course are tentative, inasmuch 


,andtoa 


as this study was made as part of a larger series of ex 

periments having a practical purpose in the develop 

ment of the fusion-cast chrome-alumina refractory; 
the compositions covered were limited in number and 
were selected primarily to fit in with basic experiments 
conducted in this laboratory. 
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GLASSHOUSE STONES* 


By WILLIAM L. FABIANIC 


ABSTRACT 


Most of the various types of glass stones actually found under operating conditions in 


furnaces melting soda-lime bottle glass are discussed. 
and photomicrographs of each kind of stone are shown. 


Each type is described in detail 
The possible source of each 


type of stone is considered along with general methods for its identification and elimina- 
tion. Auxiliary aids to the petrographer, such as the use of solvent acids and chemical 


analyses, are mentioned 
green-colored glass s. 


|. Introduction 

Many fine contributions have been devoted to the 
problem of glasshouse stones. The writings of Insley,’ 
Thompson,’ Wilson,* Peck,‘ Bowen,® Belliére,® and, 
more recently, the unusually splendid work of Holland 
and Preston’ have dealt with the subject so thoroughly 
that further contributions are bound to duplicate some 
portions of their work. This repetition, however, is 
justified if the annual loss of glassware caused from 
stones can be decreased. 

The present paper has aimed at the practical side 
with the thought of making it a guide to those having 
losses from stones. 

Simple definitions of common glass factory phraseol 
ogy are omitted as well as descriptions of general mi- 
croscopic technique, Becke line, refractive index, and 
mineralogical data. Such information is amply cov- 
ered by Larsen,* Winchell,® Johannsen,’ and others. 


* Presented at the Forty-Sixth Annual Meeting, The 
American Ceramic Society, Pittsburgh, Pa., April 5, 1944 
(Refractories Division). Received May 13, 1944. 
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The stone specimens have been taken from flint, amber, and 


ll. Methods Used 


(1) General Observation Procedure 

(A) Select a representative number of the bottles or 
pieces of ware containing the stone. Using an ordinary 
glass cutter, deeply score an area, about 1 sq. in. in size, 
on the bottle side wall and having a stone in the center 
of it. Tap this specimen out of the bot le side wall by 
a sharp rap; continue this process until one or more 
stones have been taken from each piece of ware selected 
as representative samples. 

Check over this entire group of cut-out specimens and 
see if they can be divided into two groups, one contain- 
ing stones which appear to be well rounded and partly 
in solution and the other containing new stones with 
sharp undissolved edges. If all have the same general 
appearance, there will naturally be only one original 
group, which may indicate roughly whether the stones 
have been present in the furnace a long or short time. 

(B) Next, using a small hand glass, divide this group 
or groups into two classes, one class having all of the 
opaque-appearing stones and the other, the transparent 
or translucent types. The opaque stones generally, but 
not always, indicate refractory origin, and the translu- 
cent stones, either silica or devitrification products. 
With small clay stones, however, no conclusions can be 
drawn because they will also look translucent if they are 
partly in solution. 

Devitrification stones can sometimes be detected by 
their irregular shape and translucent appearance. A 
bottle with a devitrification stone in it often breaks 
cleanly through the stone. A silica stone from un- 
melted sand or silica refractory often looks translucent, 
but in most cases the glass will fracture around and not 
through it. 

In ilint glass, silica drops sometimes give a bluish tint 
to the surrounding transition laver of glass. Refrac- 
tory stones tend to tinge the adjacent glass a greenish or 
brownish color. Stones showing a streamer or tail at- 
tached to them indicate their source to be from above 
the glass level. 

The foregoing observations, while very crude, can be 
made easily and quickly and sometimes result in a defi- 
nite lead on the problem. 


(2) Microsections 
Regardless of whether any worth-while information 
is secured by the foregoing superficial examination, the 
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Fic. 1.—Source of stones in 100 Ib. of flint cullet during 
heavy siege of stones. 


next step is the preparation of suitable microsections. 
Several samples of each suspected type of stone must be 
prepared for microscopic examination. In some cases, 
especially for devitrification stones in flint glass, it is 
actually unnecessary to do any grinding down to a true 
thin section; the original piece of glass containing the 
stone can be used to identify the crystal. Some grind- 
ing, however, is usually necessary to prepare a section 
thin enough for identification purposes. If time per- 
mits, a genuine microsection should be made and 
mounted permanently in balsam. Microsections are 
necessary to identify opaque stones and also very fine 
devitrification crystais if they are thickly crystallized. 
Identification is made by studying the various proper- 
ties of the stone. 

It is often necessary, especially with silica stones, to 
break the stones out of the glass and to separate as 
many virgin particles of stone as possible with a pair of 
tweezers (a reading glass may be used if desired); the 
stones are then crushed in alcohol in an agate mortar, 
and the slides must be prepared with various oils to de 
termine the actual index of the material. This process, 
of course, cannot be followed as long as the stone is 
embedded in the glass. 

A partial chemical analysis can be secured for many 
of the stones. For stones suspected of being clay, this 
analysis contributes valuable information. The stones 
can be separated from the little squares of glass in 
which they are imbedded by heating over a Bunsen 
burner and drawing out into a thread with two pairs of 
tongs. The stones can be pinched out of the thread and 
a surprisingly clean specimen can be obtained. Owing 
to the presence of interstitial glass, the analy. is of a 
stone that appears to be a solid mass of devitrified silica 
will never be very close to the theoretical composition 


(1944 


Fic. 2.—Upper: Refractory drips from refractory 
cover block over alcove of Owens revolving pot; lower: 
silica stalactites from around thermocouple block in furnace 


crown 


of the identified mineral. If the interpretation is cor 
rect, however, the analysis sometimes has an appre 
ciable value, especially in the alumina content which is 
useful to verify the stones of clay origin 

Various additional tests are sometimes improvised, 
such as testing the solubility of soft, crumbly stones 
with dilute acids. Limestones and sulfates can be de- 
tected in this manner 


Ill. Source of Materials Examined 

Nearly all of the specimens discussed in this paper 
are actual stones obtained from works practice and 
were the source of loss of ware. A few of them were 
taken from devitrification studies of glass in a labora- 
tory crucible. 

The complete and accurate history of the stones to 
be examined is most important in these studies because 
a simple identification of the stone will not decrease a 
continuing stone loss in the plant unless a specific and 
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Fic. 3.—Left: Silica port sill melting and dripping down over top of flux biotk; right: shows how under side of silica 
sill block and tuck brick melts and drips down over flux block (prolific source of furnace slacks). 


Fic. 4.—Left and right: Refractory block at entrance to forehearth slagging and dropping into glass; refractory slag 
also attacking silica supporting it and is obvious source of stones, slacks, and cords. 


correct recommendation is made to eliminate the stone. 
This reasonable request for detailed information is 
sometimes impossible to obt2in. A moment of reflec- 
tion, however, should convince even the most hard- 
boiled supervisor that he will benefit by his cooperation 
because the history of the stone itself often indicates 
that certain changes have taken place that could affect 
the optical properties of the stone and thus would con 
fuse its proper identification 


IV. Origin and Types of Stones 
(1) Cullet 


One prolific source of stones is contaminated factory- 
quarried cullet. Small chips or particles of refractory 
material become mixed with the cullet during furnace 
repairs when glass is being quarried from the furnace. 
This type of dirty cullet has been the source of severe 
stone losses. Pieces of such quarried cullet taken off 
next to the block with the transition layer adhering also 
cause stones. Particles from the porcelaneous transi- 


tion layer can pass completely through the furnace and 
appear in the ware. Pieces of the refractory the size of 
a pinhead can and do cause trouble. The loss of ware 
due to stones mixed with quarried factory cullet is one 
source of loss that most factories have complete control 
over and can entirely eliminate by the selection or fork- 
ing of the cullet. 

The loss of ware due to stones in contaminated pur- 
chased or commercial cullet is sometimes a problem. 
Much commercial cullet is good clean washed material, 
but a lot of it contains cinders, pieces of brick, particles 
of concrete, and metals of various kinds. It is quite 
important for this reason to inspec: purchased cullet 
closely. 

Lehr cullet is generally innocent of causing stones un- 
less it is that portion of the ware rejected initially for 
having stones as a defect. Large stones in lehr cullet 
can go through the furnace a second time, causing 2 
recurrence of the same loss. Bottles containing large 
stones should not be included in the regular offware cul- 
let. 
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Fic. 5 Left: 


Badly pitted and honeycombed flux block around entrance to feeder; right: bad flux block at corner 


of entrance to forehearth showing excessive wear with consequent stone emanation 


Fic. 6 Left 
right: showing how molten iron cuts away block below it 
to be ‘posed 


Another much less frequent source of stone loss from 
cullet is caused by using too great a quantity that has 
formerly been decorated with ceramic colors. These 


fired colors, enamels, or glazes become reduced in going 


through the furnace and appear as metallic blobs or 
splotches on the ware 

If a siege of stones is encountered and they are sus 
pected of coming from the cullet, a 100-Ib. sample 
should be spread out on a clean floor and examined care 
fully and slow] 

If the offensive cullet has already been unloaded into 
a storage bin, it is pretty difficult to do anything about 
it. If, however, it is stored in an outside stockpile, such 
débris as pieces of refractory, cinders, and similar ma 
terials can be partly cleaned out by forking the cullet 
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Angle irons embedded into upper structure side wall, melting badly and running into furnacs 
failure of refractories in front of these angles allows iron 


with a large, wide stable fork with tines a half inch 


apart. Washing the cullet with a fire hose also helps 
considerably 

Figure 1 shows a sample of stones found in a 100-Ib 
lot of flint cullet during a particularly heavy siege of 
stones. When the use of this cullet was discontinued, 
the stone loss ceased 
(2) Stones from Furnace Refractories 

When all of the refractories used in furnace construc 
tion that are so located that they can contribute stones 
to the glass are considered, they obviously consti- 
tute a most prolific source of stones. They encompass 
all of the clay, silica, and special refractories used, both 
above and below the glass level, in such furnace parts 
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Flux block worn through at metal line and over- 
coated as possible source of stones 


Fic. 7 


as port jambs, port sills, port paving, port baffles, port 
snout side walls, furnace flux block, breast walls, end 
walls, mantle block, crown, bridge wall, tuck stones, 
runner block, all forehearth refractories, and Owens pot 
refractories, including the trough, plug, overhang 
block, pot, and jack arches. All cements and mortars 
used must also be included 

Sometimes fire-clay refractories are placed directly 
over and are supported by silica refractories. Their 
presence invariably results in a slagging action, particu 
larly if they are located in the melter. The fire clay 
will slag a bit, forming a low-melting mixture with the 
silica, and the silica will be badly attacked. This at- 
tack can cause clay, silica, and nepheline stones, depend- 
ing on how fast the action proceeds, on the temperature, 
and on the amount of batch dust present. 

Figures 2 to 7 show a few possible sources of furnace 
refractory stones. 

The elimination of stones of refractory origin in each 
case is a special problem and general recommendations 
are of little aid. If slag streams are entering the glass 
from the port openings, wind placed on the underside 
of the port sometimes helps to chil! them. If the slag 
stream is caused by a baffle wall or shadow wall, the 
baffle can be replaced or the shadow wall can be 
dammed up. Stones from the metal line of the furnace 
can be decreased by maintaining a constant glass level, 
uniform temperature, and flame length in the furnace. 
Refiner stones can be generally aided by looking for lo 
cal flame impingement of a burner and by lowering the 
temperature as much as possible. 

It is general practice to lower the furnace temperature 
to decrease refractory stones, but if the stones are from 
the melter ports and are almost in solution, a slight in- 
crease in melter temperature sometimes will eliminate 
them. This procedure is naturally based on the fact 
that such an increase in temperature does not loosen 
new stones to a greater extent than it dissolves the old 
ones; the skill of the operator is also important in con 
fining the temperature increase te the melter itself and 
not to the ports. 
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Refractory stones in the melter can usually be held 
to a low percentage by using a minimum of clay refrac- 
tories, keeping fire clay away from silica, and operating 
the furnace with as little flame impingement and dust 
carry-over as possible. Refiners, forehearths, and re- 
volving pots should be run at as low a temperature as 
possible and should avoid flame impingement, especi- 
ally from oil. Naturally, the less batch dust that enters 
a furnace, the less slagging of refractories will take 
place. 

(A) Nepheline Stones: Although nepheline stones 
(Na,O- Al,03;-2Si0O2.) could be discussed under clay 
stones (section (2) (B)) along with mullite and corun- 
dum, they will be listed separately to stress their im- 
portance. 

Nepheline stones, streamers, or cords can be formed 
by the proper proportions of alumina, soda, and silica 
(sodium silicate) coming together under the conditions 
necessary to form nepheline as a transition layer on re- 
fractory surfaces. 

Because any clay refractory subjected to the attack 
of soda-lime glass will acquire a transition layer com- 
posed of nepheline, corundum, mullite, and then virgin 
refractory, it is reasonable to find the presence of 
nepheline in many stones. Such stones can be formed 
either by the slagging of alumina-silicate refractories by 
batch dust or of silica refractories. When fire-clay and 
silica reiractories slag in contact under the effect of al- 
kali vapors, a combination of nepheline and clay stones 
can occur. If the source of formation is not too close 
to the: working point, most of the solid particles that are 
included in the molten stream of refractory will be com- 
pletely dissolved. The stream or cord of material, 
which was probably carnegieite above 2462°F., then 
emerges in the ware at lower temperatures, nearly all as 
nepheline. If the distance the stream or dripping has 
to travel is too short for complete solution and conver- 
sion to nepheline, the resultant stone will be a combina- 
tion of nepheline and clay. The clay portion may be 
completely converted to mullite and some nepheline 
farmed in cooling may be crystallized around it. If the 
original stone or size of the molten slag stream flowing 
into the glass is large enough to pull sizable pieces of 
refractory with it, corundum is also frequently present. 

Such streams of material have originated and run 
out of the port openings, from breast walls down over 
the tucks, from burner block openings, the shadow wall 
fluxing down over the bridge-wall cover stones, mortar 
joints in forehearths, end-wall overhangs, and any local 
area abused by severe batch dust and flame impinge- 
ment. 

Nepheline can readily be recognized by its low double 
refraction, low index, and thick short prismatic crys- 
tals; it isin the hexagonal system. 

Figure 8 shows a streamer or worm of material from 
flint glass that is converted almost completely to 
nepheline and a molten, high alumina-rich glass. A 
partial chemical analysis* of the stone shown in Fig. 8 


* The writer is indebted to E. W. Summers, chief 
chemist, Owens-Illinois container plants, for all chemical 
analyses given in this paper 
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Fic. 8.—Flint glass; refractory streamer from port next to bridge wall with advanced nepheline development; /eft, 
transmitted light K 80; right, crossed Nicols K 80 


Fic. 9.—Flint glass; nepheline worm showing advanced crystallization; left, transmitted light X 80; right, 
crossed Nicols X 80 


Fic. 10.—Left and middle: Amber glass; typical nepheline worm originating from clay bridge-wall cover block in 
melter; Jeft, transmitted light X 80; middle, crossed Nicols X 80; right: cross section of nepheline crystal from clay 
crown drip composed almost entirely of nepheline, transmitted light &K 125 


was found to be 9.6, CaO 11.0, SiO» 51.0, The stone analyzed SiO, 52.00, 28.00, 
17.8, and BaO 1.33. 2.00, CaO 3.00, MgO 2.5, Na,O 13.5, and TiO, trace. 

Figure 9 shows a nepheline worm that has been al (B) Clay Stones: A discussion of clay stones (mul- 
most totally in solution and has crystallized chiefly as lite, 3AleO3- 2SiO., and corundum, Al,O3) naturally over- 
nepheline. A partial chemical analysis was SiO, 62.04, laps that of nepheline stones because they are generally 
CaO 12.03, MgO 7.28, NasO 7.60, and Al.O; 9.32. inseparable associates 

Figure 10, left and middle, illustrates another typical Insley,' Peck,‘ Bowen,® Thompson,’ and others have 
nepheline worm found in the bridge-wall cover block. given a complete description of refractory stones from 
(1944 
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Fic. 11.—Flint glass; clay stone almost completely aitered 
to mullite and corundum, transmitted light «K 225 
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have pronounced borders of long mullite needles grow- 
ing around them. 

A partial chemical analysis of the stones shown in 
Fig. 12 is given as well as the analysis of the glass imme- 
diately surrounding the stones. 


Stones Adjacent glass (%) 


SiO, 69.74 72.39 
ALO 6.29 1.95 
CaO 6.88 8.67 
20; ) 
§ 17.09 16. 
Corundum stones, common associates of mullite 


stones, are one of the resultant products from solution 
and conversion of clay refractories to mullite, corun- 
dum, and nepheline. The most characteristic appear- 
ance of corundum is in the form of thin, hexagonal 


Fic. 12.—Left and right: 
above and below the glass line and from the hotter and 
cooler portions of the furnace. The author agrees in 
general with such deductions as (1) the source of large 
corundum crystals is above the glass line and (2) stones 
not far advanced in solution are from the cooler por- 
tions of the furnace, and other basic facts. The writer, 
however, has also found that it is not an easy matter in 
a majority of cases to determine definitely whether the 
stones were from above or below the glass line and has 
found in some cases that stones were being contributed 
within an inch of each other both below and above the 
glass level at the same time as the block were cut back 
at the metal line. This is probably due in part to the 
almos. sevolutionary use of special refractories in pres- 
ent-day container furnaces. 

Mullite, which is identified by its index of refraction, 
birefringence, extinction, and elongation, crystallizes 
in gtoups, spherules, fans, or brush-heap structure. 
Its presence generally indicates the source as an alu- 
mina-silica refractory except in rare cases where it origi- 
nates from minerals found in the raw batch materials. 
Mullite crystals derived from molten cast material 
generally exhibit the property of pleochroism. 

Figure 11 shows a clay stone taken from below the 
glass level of a flint furnace almost completely altered 
to mullite and corundum. This type of stone indicates 
that the clay particle was exposed to the glass for a long 
time. 

Figure 12 shows stones from grog in a flux black that 


Mullite growth around clay particles below flint glass line, transmitted light 
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plates. From below the glass level, these plates can 
be extremely small; above the glass level, they are 
often quite large. Their colorless nature and their 
hexagonal form generally identify them; if turned up 
on edge, they can be detected by their very high index 
of refraction, low birefringence, and positive elongation. 

A stone composed wholly of corundum plates indi- 
cates that it has been in the glass long enough for all 
accompanying associated minerals to go completely 
into solution, the corundum remaining to its ex 
tremely refractory nature. 


due 


Figure 13 shows a stone in an advanced stage of solu- 
tion from a molten cast refractory. It is composed of 
large well-developed mullite crystals, plates of corun- 
dum, and an alumina-rich glass plus incipient nephe- 
line. This stone was taken from a flint furnace 

Figure 14, /eft, shows a large crystal of alpha-corun 
dum, which in addition to having the characteristic 
hexagonal plate form also shows sets of parallel lines 
that are in the direction of the principal axes. This 
structure coincides superficially with the illustration 
mentioned by Holland and Preston* on the Widman- 


stiitten structure. Reference to the works of Sauveur™ 


* See Holland and Preston, p. 407 of footnote 7 

1! Albert Sauveur, Metallography and Heat-Treatment 
of Iron and Steel, p. 212, 2d ed. Publ. by Sauveur and 
Boylston, Cambridge, Mass., 1920. 486 pp. 
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Fic. 13.—Stone in advanced stage of solution from molten cast refractory; /eft, transmitted light & 80; right, crossed 
Nicols X 80 


Fic. 14.—All flint glass samples; /eft: large corundum crystal with characteristic hexagonal plates, transmitted 
light X 125; middle: clay stone composed of corundum and mullite, indicating advanced solution of stone, trans 
mitted light X 80; right: stone composed entirely of plates of hexagonal corundum; complete solution of nephelite 
and mullite indicates stone was in glass a long time, transmitted light & 80 


Fic. 15.—Advanced conversion of silica crown drop to large crystals of tridymite; J/eft, transmitted light * 80; right, 
crossed Nicols X 80. 
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Fic. 16 


Spall from silica refractory going into solution; abundant wedge-shaped tridymite; /eft, transmitted light 


X 125; right, crossed Nicols X 125. 


indicates this relationship to be so remote as to be of 
little consequence. Figure 14, middle and right, illus- 
trates two more clay stones that have reached an 
advanced state of solution as shown by the high percent- 
age of mullite and corundum present. 

(C) Silica Refractory Stones: These stones are gen- 
erally traceable to spalls or drips from the silica refrac 
tories some place in the furnace. A piece of silica brick 
mav show original quartz grains plus tridymite and will 
not look a whole lot unlike a section of the refractory 
itself. The tridymite will be present as a result of con 
version from quartz, which generally means wedge 
shaped twins. A quartz grain, however, from un- 
melted sand or other highly siliceous refractory may 
have the same wedge-shaped twins. A silica dropping 
from the under side of the crown might be completely 
converted to large crystals of tridymite. 

Figure 15 shows large tridymite crystals in the ex- 
treme lower tip of a crown dropping from a silica sta- 
lactite. Figure 16 shows a piece of silica spall almost in 
solution. The analysis of the silica stone in Fig. 15 Was 
as follows: SiO» 89.3, FesO; and Al.eO; 2.31, CaO 3.29, 
MgO 0.18, and Na,O 4.41. 

(D) Special Refractory Stones: 
creasing use of zirconitfm refractories and cements as 


Owing to the in 


standard materials in many glass furnaces, there is the , 


possibility of encountering occasionally some zirconium 
stones. The author has not been‘able to identify such 
stones definitely as to their exact mineral character and 
will simply refer to them as zirconium stones rather 
than the oxide (ZrQ.) or silicate (ZrSiO,4). Their index 
is so high as to be undeterminable; they have strong 
birefringence colors and good double refraction; they 
resemble an evenly elliptical oval and most of them 
are 0.028 mm. and under in size. If the operator can 
obtain a uniaxial positive interference figure on this 
type of stone, it would indicate zircon and would elimi- 
nate baddeleyite. Once zirconium stones are identified 


as such, the operator will never again have much 
trouble in recognizing them because of their high index 
and characteristic colors. 


(3) Batch Stones 


Only a few materials from the batch that sometimes 
do not entirely go into solution will be discussed under 
this heading. These materials include grains of un- 
melted sand, andalusite, feldspar, andlime. The silica 
crystallization from accumulated scum at the bridge 
wall or at dead corners of the furnace could be included 
under this heading, but it will be omitted here and will 
be covered under the discussion of devitrification stones 
in section IV (4). 

In general, the best way to avoid batch stones is to 
uge fine-grained raw materials. They should go into 
solution under conditions imposed by the maximum rate 
of pull intended for the furnace. It is particularly im- 
portant to guard against coarse-grained sand. 

The sand should also be free of all refractory miner- 
als, clays, or clusters of grains. It is rarely necessary to 
worry much about anything but the sand, although 
reasonable precautions should be taken with the feld- 
spar, soda, lime, and other materials. Stones are some 
times caused by coarse-grained coloring materials used 
in the manufacture of amber and green glasses, but this 
source is one that a plant can detect almost at once. 

Figures 17 and 18 show the familiar example of un- 
melted sand grains; the sample shown in Fig. 17 was 
taken from scum in a cool corner of a flint furnace. 
Figure 18 shows sand grains from the batch that indi- 
cate practically no solution; owing to their lack of solu- 
tion, their source was found to be between the refiner 
and orifice opening as was suspected. 

Figure 19 shows a batch stone that is rather rare but 
which actually can occur under certain conditions. 
The feldspar (Na,O-Al.O;-6SiO,.) causing this stone 
was quite coarse and damp, permitting almost unal- 
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Fic. 17 
in solution and surrounded by wedge-shaped tridymit« 


Flint glass; quartz grains from batch partly 


transmitted light XK 80; lower, crossed 


crystals; upper, 


Niccls X 80 


tered feldspar grains to pass completely through the 
furnace. 

Figure 20 shows a stone that yas the cause of a con 
siderable loss of ware before it was traced to its sorce 
and eliminated. This loss was caused by the apy <er- 
ance of small white stones in the ware. An examina- 
tion proved these stones to be grains of andalusite 
(Al,0;-SiO.) about 0.4 mm. long. The stone itself con- 
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Unaltered sand grains from flint glass batch; 


transmitted light XK 32 


Fic. 18 


Amber 


feldspar 
stone caused by coarse-grained feldspar and ball 
ing of material; not a commonly occurring stone 
transmitted light K S80 


Fic. 19. rlass containing 


sisted of a single grain or crystal bordered by a rim 
nepheline. These stones are a good illustration of the 
property sometimes exhibited by sillimanite, ky 
and andalusite in the presence of an active flux and 
under conversion temperatures of almost direct con- 
version to nepheline with but a small amount of inter 
mediate mullite. The andalusite can be distinguished 
from mullite because it is biaxial negative and mullite 
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iddle: 
border; right, andalusite stone with unaitered core and fringe of nepheline around border; 


Fic. 20.—All flint glass; /eft and m 


mitted light X 8); middle, crossed Nicols K 80 
is biaxial positive; both have parallel extinction to lon 
gitudinal sections and symmetrical extinction in cross 
sections 

Andalusite is distinguished from sillimanite by its 
weaker birefringence, optical character, and lower in 
dex. Kvanite is distinguished from andalusite, silli 
manite, and mullite by its extinction angle of 30 degrees 
stones was 


and its higher index The source of these 


found to be the sand used in the batch and was imme- 
diately eliminated by changing sands 

rhis particular discussion concerns andalusi e, but 
the author has experienced exactly the same condition 
in which kyanite grains in the sand are the offender in 
stead of andalusite. Anv other refractory mineral 
would naturally be a similar source of le 

Another actual cause of a severe stone loss was large 
balls of compact limonite, which appeared in the ware 
in a partially unmelted condition under a heavy load 
It was discovered that these stones were being dredged 
out of the lake along with the sand used in the batch 

A loss from stones '/, in. in diameter was caused by 
large clusters or lumps of wet lime. Thev appeared in 
the ware and were only slightly covered with a thin 
film of glass. When the glass was cracked off and a few 
cubic centimeters of hydrochloric acid was poured 
upon them, they fizzed up and almost completely dis- 
appeared, evolving CO, gas. These lumps of lime had 
actually passed through the furnace and had retained 
enough COs to give a violent reaction with acid. An 
analysis of one of the large stones was as follows: CaO 
70.65, Sit » 21.83, RO; 0.78, and ignition loss 0.00%. 


(4) Devitrification Stones 

Devitrification stones in bottle glass are a source of 
continued annoyance even though their cause and ori- 
gin are fairly well understood. An improper liquidus 
point, which is influenced by temperature gradient, 
batch inhomogeneities, incorrect glass compositi¢ Nl, 
viscosity of the glass and rate of cooling, reheating of 
the glass, surface volatilization, incorrect furnace de- 
sign, and other causes, contributes to the formation of 
devitrification stones. The vexing problem of devitri- 
fication is especially associated with colored glasses due, 


andalusite grain with unaltered core and fringe of nepheline around 


eftand right: trans- 


in part, to their poorer transmission of light and heat. 
These stones may be distinctly crystalline and of fairly 
large size or in such a fine state of subdivision as to 
appear milky or opal. The external form of some de- 
vitrification products as a method of identification may 
be very musleading because of the various crystal forms 
some of them may assume. 

The actual process of devitrification is a fascinating 
study and has been thoroughly covered by Morey." 
He describes completely by test and by equilibrium dia 
formation of devitrite, 
and 


grams the mechanics of the 
wollastonite, tridy mite, 
quartz. Liquidus temperatures and primary 
are shown with various eutectics and the simultaneous 
crystallization of two compounds. A study of this 
work makes clear how tridymite and devitrite, wol 
lastonite and devitrite, or other related compounds 
may occur together. It cristobalite 
sometimes occurs when tridvmite is expected and vice 
This discussion explains why the usual primary 


diopside, cristobalite 


phases 


also shows that 


versa. 
phase of devitrite in commercial soda-lime bottle glasses 
is often absent and beta-wollastonite is found in its 
place. The complexities of all of the various types of 
devitrification are well defined, and Morev also shows 
how easily devitrification can be upset by outside in 
fluences of inhomogeneities in the glass and batch 

Silverman!* has contributed valuable information on 
the effect of certain ingredients in a glass composition 
on the position of certain line boundaries. 

In the elimination of a sieze of devitrification stones, 
The 
composition and viscosity of the glass in question are 
assumed to be such that the liquidus point is within 
working range of the operating conditions 


each individual case becomes a special problem 


12G. W. Morey, Properties of Glass, pp. 35-74. Amer 
Chem. Monograph Series, Reinhold Publishing Corp., 
New York, N. Y., 1938. 561 pp.; Ceram. Abs., 18 [2] 
(1929 

13 (a) W. B. Silvermfn, “Effect of Alumina on Devitri 


fication of Soda-Lime-Silica Glasses,’’ Jour. Amer. Ceram 
Soc., 22 [11] 378-84 (1939 

(b) W. B. Silverman, “Effect of Alumina on Devitrifica- 
tion of Sodium Oxide-Dolomite Lime-Silica Glasses,” 
thid., 23 274-81 (1940 
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Fic. 21.—Flint glass; solid mass of hexagonal plates of tridymite turned on edge; /eft, transmitted light X 100: 
righi, crossed Nicols X 100 


Fic. 22.—Flint glass with hexagonal plate of tridymite showing continuation of three half axes and underdeveloped 


main axis; /eft, transmitted light 


If these stones appear in flint glass, a temperature 
survey of the complete furnace should be taken as 
quickly as possible, including pots, alcoves, corners 
and forehearths. If the liquidus temperature of the 
glass is known, the onerator can judge whether any 
portions of the furnace are cool enough to allow devitri 
fication to proceed. He should then know whether 
the glass has been allowed to remain stagnant long 
enough or has had a slow enough movement from that 
area to permit time for devitrification. If the trouble 
occurs in colored glass, the temperature check, although 
still important, can be relegated to second place and 


(1944) 


225 right, crossed Nicols, X 225 

a load change on the furnace should be sought rhe 
furnaces melting colored glass will often have thick 
masses of devitrified glass on their bottoms and in the 


colder corners of the melter, refiner, and alcoves. A load 
change disturbs and changes the convection currents 
along the bottom and side walls and pulls particles of 
devitrification away from these masses. A change in 
load disturbs the convection currents in flint furnaces, 
but it rarely raises or disturbs actual devitrification 
products. In either case, raising the temperature at 
the suspected location or establishing a uniform load 
will generally clear up the trouble 


. 
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Fic. 23.—Amber glass samples; /eft: string of tridymite crystals in silica-rich cord of bottle glass, transmitted light 
XX 100; right: crystallization of tridymite plates, transmitted light X 100. 


Fic. 24.—Flint glass showing typical crystals of tetrahedral cristobalite being pulled or floating out into glass stream; 


Hor 


left, transmitted light X 80; right, transmitted light K 225 


If devitrification stones appear after a shutdown, 
they are generally caused by a local temperature condi 
tion in the refiner or forehearths and devitrification 
will disappear within a short time after the temperature 
is brought up to operating conditions. 

If a furnace is fairly old and has water patches on it, 
a mass of devitrified glass may be formed on the inside 
surface and may be pulled off into the glass. This con- 
dition can usually be corrected unless it occurs because 
of a waterbox on the throat when the correction is more 
difficult. 

A more unusual, but by no means rare, cause of 
devitrification stones is the presence of inhomogeneities 
in the batch resulting froni large coarse-grained sand 
or limestone. An error in weighing the batch caused 
by inaccurate scales or by excessive moisture in some 
shipment of material will often cause temporary periods 
of devitrification. 

Devitrification stones in colored glasses are some- 
times impossible to avoid owing to improper furnace 
design. Furnaces for colored glasses should be designed 
to eliminate as many dead corners as possible and also 
to allow a minimum of dead glass to form on the bottom, 


where it is disturbed by load changes and convection 
currents. 

Any device that will aid in introducing homogeneous 
glass to the furnace or that will homogenize the glass 
atter it is introduced to the furnace will naturally help 
to decrease the presence of devitrification stones. 

Chronic doses of forehearth devitrification sometimes 
indicate that, under the operating conditions employed, 
the glass is cool enough along the bottom and sides to 
iorm patches of devitrification. Additional insulation 
generally corrects this condition. 

Although it is usually safe to raise the melter tempera- 
ture of a furnace slightly when devitrification stones 
persist, if refractory stones are also present some care 
must be exercised or the increased temperature may 
loosen more refractory material. Thus when the devit- 
rification stones are eliminated, they will be replaced 
by refractory stones. 

(A) Quarts: Quartz (SiO,.) generally appears as a 
glass stone when it is derived from silica refractory or 
unmelted sand grains in the batch. Both of these 
sources have been discussed previously in this paper. 
It can occur as a devitrification product under certain 
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Fic. 25.—Left: 
light K 100; meddle: 
light X 80; right: 


unusual conditions, but these are so rare that the 
occurrence of quartz as a devitrification stone will not 
be discussed here. (Quartz grains from coarse sand or 
resulting from batch separation accumulate in the dead 
corners of the furnace and form patches of silica scum 
and siliceous glass. The partial solution of these grains 
can result in the crystallization of many and varied 
forms of cristobalite and tridymite. Any of the form: 
of silica may crystallize owing to the presence of various 
fluxes so that a complete departure from strict phase- 
rule behavior is frequently encountered. 

Quartz, which is hexagonal, is recognized by its well- 
rounded grain shape, weak birefringence, and index of 
refraction; it is uniaxial positive in optical character. 
Figure 17 shows quartz grains partly in solution that 
were accumulated in undissolved scum in a cool corner 
of a flint furnace. 

(B) Tridymite and Cristobalite: Tridymite (SiO2), 
under ideal conditions, is stable between 1598° and 
2678°F. These stability relationships, however, are 
not sharply defined in the presence of fluxes so that trid 
ymite may turn up in unexpected places. The same is 
true of cristobalite (SiO,), which is supposed to be stable 
above 2678 °F. 

Tridymite is found in the scum on glass surfaces, in 
batch stones, and as a straight devitrification product 
from the glass. It also occurs in crown drops, generally 
as large wedge-shaped crystals. In scum, tridymite oc 
curs both as hexagonal plates and wedge-shaped twins 
Anhedral tridymite is also frequently encountered. 

Tridymite can be recognized by its index, negative 
elongation, and optical character, which is positive. 
Its crystal form of wedge-shaped twins, its hexagonal 
plates generally turned on edge giving a lathlike or 
needle appearance, and its anhedral form also greatly 
aid in its identification. It has a rather low birefrin 
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Flint glass showing spherulite of cristobalite which usually characterizes slow cooling, transmitted 


amber glass showing large massive tridymite crystals and patches of cristobalite, transmitted 


amber glass showing cristobalite in scum, transmitted light K 225 


gence in glass. At glassmaking temperatures, tridy- 
mite belongs to the hexagonal group, but under 
242.6°F., it is orthorhombic. 

Cristobalite occurs frequently when quartz is con- 
verting to tridymite. In the majority of cases, the 
author has found cristobalite occurring as skeleton 
crystals. It is invariably an associate of tridymite in 
silica-scum formations and batch stones and can also 
devitrify directly from the glass. It can be recognized 
by its very low double refraction, index, and distinc- 
tive tetrahedral crystallization and parallel growths 
The termination of most of the characteristic cristo- 
balite dendrites is a small octahedron. The main axes 
of the tetrahedral structure are at right angles to each 
other. Hexagonal skeleton crystals of cristobalite may 
occur and, when crystallizing in this manner, the axes 
are sometimes trigonal; in other words, they do not 
extend on through the central axis as they generally do 
in the case of hexagonal tridymite. 

All types of silica devitrification may occur as 
spherules, solid masses, or scattered through the glass. 

Figure 21 shows tridymite taken from a thick heavy 
scum in a dead corner of a flint glass furnace. 

Figure 22 shows a hexagonal crystal of tridymite 
taken from large white flakes appearing in the finished 
bottles from a flint furnace. 

Figure 23, left, shows a string of tridymite crystals 
separating out as a result of inhomogeneous glass along 
a silica-rich cord in amber glass; Fig. 23, right, shows a 
thickly crystallized area of tridymite. 
tridymite plates; the writer suspects that they are 
anhedral, but the section was not good enough to verify 
this. 

Figure 24, left, shows the same stone at low magnifi 
cation; Fig. 24, right, shows high magnification; it also 
brings out the dendritic structure and in a few instances 
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Fic. 26.—Left and middle: Amber glass sample from side wall of bottle showing large crystals of wollastonite form- 
ing around seed in glass as nucleus; /eft, transmitted light X 80; muddle, crossed Nicols X 80; right, green glass 
sample from bottle side wall showing typical growth of wollastonite crystals, transmitted light, X 80. 


shows clearly how the spearheads of cristobalite tend to 
terminate in an octahedral shape. 

Figure 25, left, shows a cross section of a pure white 
ball or spherulite of silice; an analysis of the aimost 
solid material making up this stone was SiO, 73.5, CaO 
5.70, MgO 4.18, NaoO 16.92, and TiO, 0.058. Figure 
25, middle, shows a mixture of very large and well 
developed tridymite and some patches of cristobalite. 
This sample represents white scum at the bridge wall 
over the throat of the amber furnace. Figure 25, right, 
is a magnified section of one of the patche: of cristobal- 
ite shown in the middle cross section. A partial analy- 
sis of a solid portion of this scum was SiO, 81.14, NasO 
11.28, and CaO 6.89. 

(C) Wollastenite (CaO-SiO 
one of the most familiar devitrification stones en 
countered by the glassmaker. It is the material to 
which the well-known expression ‘‘dog’’ has been ap 
plied. Wollastonite stones may emanate from solidified 
glass in the bottom or cooler portions of the furnace, 
irom the decomposition of devit ite, or from the clear 
glass itself. If it appears as spherulites, it has probably 
cooled .nd formed fairly fast. The familiar lath-shaped 
crystals indicate slower cooling and formation. The 
crystals may occur as fan growths, parallel growths, 
spherulites, and in rare cases as prisms. Un‘er proper 
conditions, wollastonite crystals sometimes attain ex 
tremely large size. The author has samples of wollas 
tonite spherulites more than 1'/» in. in diameter that 
were taken from the nose end of a furnace after cooling 
down. 

Wollastonite can be recognized by (a) the index of 
refraction, (6) parallel extinction, which it shows be- 
cause its elongation is usually parallel to its b-axis, 
(c) biaxial negative optical character, and (d) shape of 
crystals. It is monoclinic and the elongation is gener- 


Beta-wollastonite is 


ally positive. A careful observation and study will 
easily enable crystals of wollastonite to be discerned 
from mullite because they are inherently different, 
generally being wider. 

Wollastonite can be distinguished from tridymite by 
its index and from diopside by its parallel extinction. 
A study of that part of the ternary system, Na,O 
CaO-SiO,,'* will show that beta-wollastonite and devit 
rite (Na2O-3CaO-6SiO2) are often associated as pri 
mary and secondary phases, the devitrite sometimes 
breaking down around 1922°F. and forming wollaston 
ite. This phenomenon is illustrated very nicely by 
Silverman.* 

Pseudowollastonite is the high-temperature form of 
wollastonite that is stable at temperatures above 
2174°F. It is hexagonal, and its main associate ap- 
pears to be cristobalite. Pseudowollastonite or alpha 
wollastonite, which has been described in detail by 
Belliére,t can be distinguished from tridymite plates 
by its higher index. 

Figure 26, left and middle, shows a cluster of well- 
formed ribbon or lathlike wollastonite crystals that have 
crystallized around a small seed in amber glass as a nu 
cleus. The large crystal at the extreme left side of 
quadrant No. 4 illustrates the parallel extinction of 
wollastonite with crossed Nicols. Figure 26, right, 
shows a typical growth of spherulites of wollastonite 
in green bottle glass. 

Figure 27 shows devitrite and wollastonite crystal- 
lizing out together in flint glass; the wollastonite, in 
this case, was the primary phase and the devitrite, 

4G. W. Morey, “Devitrification of Soda-Lime-Silica 
Glasses,’’ Jour. Amer. Ceram. Soc., 13 {10] 683-713 (1930). 

* See Silverman, p. 383 of footnote 13 (a) 

t See Belliére, footnote 6 
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Fic. 28.—Left and midd Sample from side wall of green beverage bottle showing large well-developed cry l 
of wollastonite ft, transmitted light X 80; muddle, crossed Nicols X 80; right sample from bottom of aml 
age bottle showing typical hexagonal crystals of pseudowollastonite, transmitted light K & 
the secondary phase, but the wollastonite does not rep D) Diopside: Diopside (CaO-MgO-2SiO-) is ar 
resent decomposition of the devitrite other interesting devitrification product. It occurs in 
Figure 28, left, shows an unusually large and well glasses where magnesia is present in large enough 
developed crystal of wollastonite; Fig. 28, middle, with amount to permitit toform. The exact amount of mag 


crossed Nicols shows how wollastonite transmits light 
in the inclined position. A good example of pseudo 
wollastonite is shown in Fig. 28 
are typical hexagonal plates; they resemble some forms 
of tridymite and also corundum but thev cat 
distinguished by their index 


right; these cT\ stals 


1 easily be 
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nesia nccessary for its formation is open t 


owing to the influence of other fluxes in 


It has been known 
dolomitic 


however, to form in glasses contain 


ing limestone with a magnesia cont 


slightly over 3° 


Diopside devitrification has been considered by some 
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Fic. 29.- 
middle: 


Left: 


diopside crystals from flint glass surface of laboratory crucible, transmitted light & 100; right: 
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Diopside crystals from bottom of operating forehearth melting flint glass, transmitted light 225; 


green glass 


with hollow crystal diopside showing transmission of light in parallel position (/ight portion, transmitted light X 100; 


dark portion, crossed Nicols X 100) 


Fic. 30.—Fan-shaped devitrite crystallization from side 
wall of amber bottle; /Jeft, transmitted light X 100; right, 
crossed Nicols * 100. 


investigators as a rather rare occurrence. The author 
finds that it is not uncommon and has encountered it 
frequently. It forms as prismatic crystals scattered 
through the glass, as solid masses, or as spherulites, 
and it can be recognized easily by its high birefringence 
and extinction angle. 

Diopside extinguishes obliquely between 37° to 44° 
on crystals parallel to the c-axis, a characteristic that 
serves to differentiate it and beta-wollastonite, which 
has parallel extinction. It is biaxial positive. Under 
certain conditions, diopside crystals form with hollow 
centers (these phenomena have been disucssed by Hol- 
land and Preston*). 

Figure 29, left, shows a solid mass of diopside crys- 
tals with those at the edge pulling out and beginning to 
float away in the glass. These crystals formed in the 
bottom of an operating forehearth. By insulating the 
forehearth and raising the temperature above the 


* See Holland and Preston, p. 94 of footnote 7 


Devitrite and cristobalite from an operating 
Owens pot meltinz flint glass; /eft, transmitted light * 100; 
right, crossed Nicr* 100 


Fic. 31. 


liquidus, they w aminated. An analysis of a solid 
portion of the mass of diopside crystals was SiO, 75.73, 
Al,O; 0.61, CaO 6.12, MgO 4.20, alkalis 12.61, and BaO 
0.46%. 

Figure 29, middle, shows an area of glass taken from a 
laboratory crucible that had an abundant amount of 
diopside. Figure 29, right (in two sections), shows a 
single crystal of diopside with a hollow center; it polar- 
izes light under crossed Nicols when parallel to the cross 
hairs (reference to Fig. 26, left, shows that wollastonite 
does not do this). 

Devitrite: Devitrite occurs 
as long lathlike crystals, sometimes appearing almost 
needlelike. It devitrifies in spherulites, in masses, or 
scattered through the glass, and these often take a 
characteristic radiating, feathery, fanlike growth. At 
temperatures above 1050°C., under the proper condi- 
tions, it will sometimes decompose into a glassy phase 
and wollastonite. Devitrite is quite easy to confuse 
with wollastonite. The writer finds, in general, that it 
can be distinguished by its somewhat finer crystal 
growth and feathery habit. When this identification 
fails, an index determination will separate the two 
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Fic. 32.—Devitrite and beta-wollastonite together from 
refiner of emerald green furnace; upper, transmitted light 
<x 100; lower, crossed Nicols X 100 


minerals because devitrite has a much lower index 
It is biaxial positive with positive elongation and paral 
lel extinction. 

Devitrite is commonly found associated with wol 
lastonite or with cristobalite and tridymite. 

Figure 30, left, shows a radiating fan of devitrite 
taken from the side wall of an amber bottle; Fig. 30, 
right, was meant to show the parallel extinction of de 
vitrite by extinguishing the large portion of this fan in 
the upper right-hand quadrant. The slide, unfortu 
nately, was jostled and was so turned that the crossed 
Nicol photograph shows the small fan over the cross 
hairs partially extinguished; the large fan is in 
enough of an oblique position to transmit light fully. 

Figure 31 shows a solid mass of cristobalite and devit- 
rite mixed in flint glass as taken from an operating 
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Devitrite at surface of laboratory-p-epared 


Fic. 33 
specimen of flint glass; upper, transmitted light 
lower, crossed Nicolis 100 


LOO: 


Owens pot. The feathery bundles of devitrite (/eft) 
are almost indistinguishable in the mass of cristobalite, 
but the devitrite (right) becomes quite visible with 
crossed Nicols 

Figure 32 shows devitrite and wollastonite together, 
taken from the refiner of an operating emerald green 
furnace. The fine needle-like crystals in the lower left 
hand quadrant (upper) are devitrite, and the broader 
ribbon-like groups are beta-wollastonite. 

Figure 33 shows a sample of surface devitrification 
of devitrite taken from a laboratory-prepared crucible; 
the crystals start at the outer surface and extend down 
ward into the body of the glass 

Figure 34 shows to what extent the crystals have 
thinned out '/. in. below the surface showa in Fig. 33 
Ihe numerous bubbles seen in these sections are char 
acteristic of a great many laboratory-prepared speci 
mens. 


(5) Miscellaneous Stones 

The stones to be discussed in this section could very 
well have been included under the discussion on cullet. 
These few stones, however, are different in that their 
origin is considered to be within the furnace itself 
rather than in the cullet 


(A) Sulfate Stones: Sulfate stones may occur from 
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Fic. 34.—Thinning out of devitrification of devitrite 
'/, inch from surface of sample shown in Fig. 33;  trans- 
mitted light 100 


the use of saltcake in the batch or, when no saltcake is 
used, by the condensation of the sulfates on the cooler 
parts of the furnace refiner and forehearth. Sulfur 
dioxide in the furnace may be formed from the type of 
fuel used, whether it is coal, gas, or oil. 

Under proper conditions, which appear to be the 
presence of oxygen, the sodium oxide in the glass or the 
volatile vapors form sulfates with the sulfur dioxide. 
By some such complex process, carbonates are formed 
in a similar way, and the resultant blob scab or boil 
may be sodium sulfate, sodium carbonate, or a mixture 
of both. Such stones may occur as large patches of 
white material or as characteristic blisters. Sometimes 
they have no crystalline structure or they may be 
strongly crystalline. Microscopic examination usually 
identifies this material, but it is easy to check because it 
is soluble in water and a simple qualitative test can be 
made. 

The best cure for sulfate scum is to use fuels as low in 
sulfur as possible and to maintain reducing furnace 
fires. Good hot glass is also an aid, especially in al 
coves and forehearths as it delays the solid formation 
of sulfates. Such crusts on the upper structure keep 
falling into the glass and are a nuisance. If a solid film 
of saltcake forms on the refiner or forehearth, the 
quickest way to get rid of it is to cool the surface of the 
glass and to ladle it off. If the film forms only in the 
forehearth, it can sometimes be tapped off the surface 
while in a liquid state. 

Figures 35 and 36 show exampies of typical sulfate 
scabs found in the side walls of flint bottles. 

(B) Metal Stones: A source of iron blobs may occur 
from the ironwork supporting and binding the furnace. 
Many supporting channels protrude far enough into the 
refractory walls of the furnace so that when the re 
fractory wears away, portions of the iron supports 
themselves are attacked by the furnace vapors and 
temperatures and melt away. Machine parts also may 
drop into the glass, particularly in Owens operation, 
and cause trouble. 


Fic. 35.—Sulfate blisters in flint bottles; /eft, transmitted 
light X 80; right, crossed Nicols, X 80 


Such stones are definitely not classed in importance 
with the preceding types, but they are quite common 
and deserve mention. It is sometimes important to 
distinguish whether the metal stone involved is nickel, 
lead, iron, or steel. Chemical facilities, however, are 
not always at hand for metallurgical checks. Of the 
metals encountered in a glass furnace, nickel is mag- 
netic and lead and aluminum are not. Iron may or 
may not be magnetic, depending on whether it is au- 
stenitic (austenitic iron is not magnetic). 

An iron stone can quickly be distinguished from the 
nickel by putting dilute nitric acid on it and precipitat 
ing the resultant liquid with ammonia; any iron that is 
present will precipitate out as ferric hydroxide, which ts 
a brown precipitate. 

It is often valuable to know whether the iron is com 
ing from furnace steel or if it is cast iron from the ma- 
chine. In this case, the piece of glass containing the 
stone should be ground until a small flat area of the 
metal stone is exposea, which should be given a metal 
lurgical polish suitable ier etching. 

The stone is etched* by immersing and rinsing off in 
Nital, which is a of in commercial 
alcohol. When the desired contrast is secured, it is ex- 
amined in reflected light under a microscope. The 
presence of ferrite grains alone (curbon-free iron) is 
generally indicative of steel; cast iron would show some 
graphite flakes; and pearlite can be present in either 
case. (Austenitic iron would naturally show austenite 
grains.) Figure 37, left, shows an etched stone with 
large well-defined ferrite grains. Figure 37, middle and 
right, shows the futility of simply grinding down a metal 
stone and trying to test it by ordinary methods; mean 
ingless blobs are obtained and the optical properties 
carmot be determined. 

(C) Blisters and Coloring Material: Streamers or 
ribbons of what seems to be a solid white material oc 
casionally appear in ware made by Owens operation. 
A close examination often reveals this material to be 
only a stream of small entrapped air blisters, caused 
by the folding in of air in the glass stream from trough 


* The writer is indebted to N. Waterbury, Owens 
Illinois Glass Co., for all metallurgical tests and informa- 
tion 
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ft, transmitted light K 80; right, crossed Nicols XK 80 


Fic. 37.—Left: Ferrite development brought out in iron stone by acid etching, reflected light 


xX 100; middle and 


right: metal stones, transmitted light K 125 


im of entrapped air bubbles, transmitt« 


light X 125 


to pot. Figure 38 shows a stream of such blisters or ait 
bubbles. 

Coarse-grained or damp coloring materials used in 
batches for colored glasses may cause trouble. These 
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cases are rare, but each presents an individual problem, 
and an intelligent diagnosis by the operator always re 
sults in the proper steps being taken to clear up the dif 
ficulty. 


V. Conclusions 
rhe entire field of glass stones is of sufficient impor 

tance and scope that more time and attention should be 
given to it by each individual plant. Unfortunately, it 
is dificult to convince a works manager, for example 
that, by peering through a microscope, the identifica 
tion of a stray bit of dendrite as a certain material can 
affect his financial ledger. It is just as true that such 
identification may not tip the ledger profitably unless 
this information is used correctly. The mere identifica 
tion of a stone as such will not in itself decrease the loss 
everyone concerned on the job must apply the informa 
tion obtained. The complete story of each stone prob 
lem is necessary and, more important, a true record 
should be kept of the remedies tried and the results se 
cured. This record will help the person who identifi 

the stones to know whether his diagnosis has been cor 
rect and what procedure to follow if the same situation 


Fic. 36.—Sulfate blisters in flint bottles; /:/', 
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occurs again. Changes too often are made on a furnace 
and the stones will disappear, but no one has deter- 
mined a definite source of the stones so that when the 
same perplexing problem arises later on, the same con- 
fusion occurs. 

The identification of glass stones, although not the 
most difficult task, is still far from being the cut-and- 
tried proposition that textbooks may indicate. The 
petrographer, for example, should never scorn aid in 
identification from other sources, such as by chemical 
analysis or by any other means available. Sometimes 
he will need all of them. 
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MECHANICS OF ENAMEL ADHERENCE: XVI, 


INFLUENCE OF 


MANGANESE DIOXIDE ON METAL PRECIPITATION 
AT GROUND COAT-IRON INTERFACE* 


By R. M. Kine 


ABSTRACT 


The influence of manganese oxide alone and in combination with cobalt and nickel 


oxides on metal precipitation in ground coats has been studied. 
veloped electrical-resistance method was used. 
The results on the indirect influence of manganese 


not effective in precipitating metal. 


The previously de- 
Manganese dioxide present alone was 


dioxide in combination with cobalt and nickel oxides are not significant. 


|. Introduction 
In the two preceding papers of this series,' data were 
presented showing the influence of cobalt and nickel 
oxides on metal precipitation in fired ground coats as 
determined by an electrical-resistance method. This 
paper offers data to show the influence of manganese 
dioxide on the phenomenon of metal precipitation. 


* Presented at the Forty-Sixth Annual Meeting, The 
American Ceramic Society, April 4, 1944 (Enamel Divi- 
sion). Received April 4, 1944 

1(a) R. M. King, ‘‘Mechanics of Enamel Adherence: 
XIV, Role of Cobalt Oxide in Metal and Oxide Precipita- 
tion During Ground-Coat Firing Cycle and Determination 
of Temperature and Time Intervals of Precipitation,” 
Jour. Amer. Ceram. Soc., 26 [2] 41-48 (1943); (6) XV, 
Influence of Cobalt and Nickel Oxides on Metal Precipi- 
tation at Ground Coat-Iron Interface ”’ ibid., {10} 358-59. 


Referring to the work of Bernard,? who also studied 
the decomposition of solid solutions of MnO and FeO, 
the following pertinent statements are cited: 


FeO and MnO mixtures of low MnO content ..... are 
much more stable at low temperatures than FeO. A mix- 
ture containing 5% MnO and kept for several hours at 
gre does not show any decomposition. When 
one increases the content of manganese protoxide in the 
solid solution he notices the irreversible formation of more 
and more . magnetite ..... at any reheating tempera- 
ture. 


Bernard does not report the formation of iron from 
any composition of FeO and MnO. On the basis of his 


“Etude de la Decomposition du Pro- 
Ann. Chim., 


Jaques Bernard, 
toxide de Fer et de ses Solutions Solides,”’ 
[Series 11], 12 [1] 5-92 (1939). 
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work, therefore, manganese oxide would not be ex- 
pected to aid in the precjpitation of iron in ground 
coats. 

Very little information is found in the literature 
regarding the role of manganese dioxide in ground 
coats. Markert* states that there is no difference in 
the adherence to steel of ground coats containing man- 
ganese dioxide as compared with enamels using cobak 
oxide alone or in combination with other oxides. He 
also indicates that ground coats containing manganese 
dioxide have higher maturing temperatures, other 
factors being equal, and that it reduces the coefficient 
of expansion. 

Howe‘ reported that ‘‘cobalt was essential in pro 
ducing adherence in a ground-coat enamel while 
manganese and nickel improved adherence over a 
wider firing range.”’ 


I 


SIGNIFICANT DATA 


Stand 
Composition Ret ard 
7 R,* ohms) devia S.D.§ 
No. (%) ohms cy avg.) tior factor 
1 1.22 MnO, 105 9 x 
2 0.46 Corl 
0.15 8 
0.6 
3 0.46 CoO, 
0.15 NiO, 10? l 5.5 0.66 
0.61 MnO, 
4 0.44 Co,0, > 
0.15 
0.06 


5 0.44 Co;0, 
0.15 NixO 3x 10° 
0.59 MnO, 


20.1 9.7 


*R,, order of maximum resistance during first cooling 
period 

+ C, serial number of cooling period during which de- 
crease in resistance began 

t Ro, resistance after complete cooling; values are aver- 
ages of not less than 4 determinations. 

§ S.D. factor, statistical factor indicating whether dif- 
ference of means is significant (should be 2 or greater if 
significant) 


ll. Experimental Procedure 


(1) Enamels and Method Employed 

The base frits used were the same as those listed in 
part XIV.'‘@ Each composition tested contained 
50° of soft and 50°% of hard frit and manganese di 


3 F.S. Markert, ‘‘Function of Manganese Dioxide in 
Ground Coat,” Enamelist, 3 [1] 26 (1925); Enamel 
Bibliography, p. 207. The American Ceramic Society, 
publisher, May, 1929 

‘E. E. Howe and R. L. Fellows, ‘‘Effect of Manganese, 
Nickel, and Cobalt Oxide on Adherence and Reboiling 
Properties of Ground-Coat Enamels,”’ Jour. Amer. Ceram. 
Soc., 20 [10] 319--24 (1937 


(1944) 


oxide, cobalt oxide, and nickel oxide as indicated in 
Table I. Lower percentages of cobalt and nickel oxides 
than used in previous studies were added to render the 
enamels more sensitive to any possible influence of 
manganese oxide, that is, the resistance values obtained 
by the use of 0.65% of cobalt plus nickel oxides, for 
example, were so low that it was thought that any 
possible changes brought about by manganese dioxide 
would not be distinguishabie. 

The apparatus and procedure were the same as those 
employed in paper XV.!@ 


lll. Results 
(1) Discussion of Data 


Significant data are shown in Table I. It has been 
pointed out that lower percentages of coLalt and nickel 
oxides were used in this study to render the resistance 
response more sensitive to manganese dioxide. Com- 
positions were selected therefore which showed con 
siderable variation from test to test. The rather wide 
standard deviations indicate such variations. 

The results obtained with composition No. 1 are 
sufficient to prove that mangaiese dioxide did not 
bring about any observable precipitation of metal 
No difference between these results and those ob 
tained previously“® with a white ground coat was 
noted. It willbe observed also that this composition 
contained 1.28% MnO, and that marked metal pre 
cipitation was obtained from the other compositions 
in Table I, some of which cantained an amount as low 
as 0.59% of total cobalt and nickel oxides. 

It was thought, however, that manganese dioxide 
added along with cobalt and nickel oxides might have 
some indirect influence, such as that of hardening or 
softening the enamel or oxidation. The paired com 
positions Nos. 2 and 3 and Nos. 4 and 5 were designed 
and tested to reveal any possible influence of this 
nature. On comparing the deviations from the means 
of compositions (No. 3 with No. 2 and No. 5 with No 
1), it might be concluded that manganese dioxide aids 
in smoothing out variations from test to test, but 
differences in precipitation are not significant. 


IV. Conclusions 

The presence of manganese oxide alone in ground 
coats did not bring about a detectable precipitation of 
metal even when available in double the minimum 
effective percentages of cobalt and nickel oxides. This 
statement is in harmony with the work of Bernard? on 
the decomposition of solid solutions of manganese and 
iron protoxides. 

Manganese oxide in combination with cobalt and 
nickel oxides showed no significant indirect influence 
on metal precipitation. 
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OBSERVATIONS INDICATING ABSENCE OF PLASTIC FLOW 
IN GLASS COATING ON STEEL* . 


By W.G 


MARTIN AND F. W 


LAUCK 


ABSTRACT 


Steel rings were glass coated, and some were split at one point immediately and others 


one or two years later 
in the glass indicated that no plastic flow 


Identical movement of the rings caused by compressive forces 
takes place in the glass. 


The compressive 


forces were calculated and found to be of the general order of 10,000 Ib. per sq. in 


The method of calculation is described 


|. Introduction 


A number of investigators have reported evidence 
that glass may deform very slowly at room temperature 


over a long peried of time.'' The theory has been ad- 
vanced that very old stained-glass church windows de 
rive some of their exceptional beauty from the fact that 
plastic flow of the glass has resulted in a slight thicken 
ing of the lower portion, thereby causing attractive and 
pleasing light effects. Whether or not this is true, there 
have been other accounts of the flow of glass in forms 
which are much more obvious. For example, a flat 
glass plate was used to cover the corrugated bottom of 
a trough emploved for hydraulic experiments. The 
apparatus was placed in a storeroom and, after ten or 
fifteen vears, it was noted that the glass had begun to 
conform noticeably to the corrugations upon which it 
lay. 
The 
directly with 
cluded that 
manent bend under their own weight. he same 


inent cde 


authors are aware of only one dealing 


this 


glass rods and 


paper 


subject In 1930, Spencer? con 


tubes do not assume a per 


did produce Y mim. of perm 


writer, however 


flection in glass tubing 1 meter long, which was held In 
force in a curved position for six vears 

It then occurred to the writers that glass coats on steel 
might undergo plastic flow over a period of time be 
cause of the compressive stresses which are known to b 
imposed upon the glass bv the steel That glass fused 
to steel is under compression is well known, and Rosen 


berg and Langerman® have published a paper on this 
subject. 

The present authors had a different interest, how 
ever, inasmuch as they wished to know whether or not 
any change in the compressive stresses would take place 
over a period of time and whether the compressive 
stresses were high enough to justify an expectation of 


plastic flow at room temperature 


ll. Experimental Procedure 
In order to ascertain whether or not the 
ings would flow at room temperature, it was decided to 


glass coat- 


* Presented at the Forty-Sixth Annual Meeting, The 
American Ceramic Society, Pittsburgh, Pa., April 5, 1944 
(Enamel Division). Received April 5, 1944 

'**Manufacture of Optical Glass and of Optical Sys 
tems,’’ Document No. 2037, U. S. Ordnance Dept 

2S. D. Spencer, ‘‘Do Glass Rods and Tubes Bend under 
Their Own Weight?’’ Nature, 125, 707 (1930). 

3 J. E. Rosenberg and A. Langerman, ‘‘Method and Ap 


glass coat thin steel rings on the outside. Any flow, or 
thickening, of the glass would result in a decrease of the 
compression stresses in the glass. These stresses would 
be in proportion to the amount of contraction of the 
rings after they were cut through by sawing. Any 
change in the stresses after varving aging time and cor 
responding change in contraction of the ring would indi 
fl 


cate plastic flow of the glass 


A number of rings, 1 in. wide, were cut from a length 


of seamless tubing of 3-in. outside diameter and 0.037- 
in. wall thickness. Some of these rings were coated 
with glass on the outside only, while several uncoated 
rings were fired with the same time-temperature cycles 
in order to determine the nature of the stresses in the 
steel itself. Two coats of glass, or two firing cvecles, 
were applied to all rings except those which were not 
annealed. The glass thickness was 0.010 in 

rhe glass-coated rings incidentally were cut throug] 
in one place and again partially through about °* x in. 
wwav from the first cut so that one end could het 
down out of the wav of the other end to allow free con 
traction of the ring. 

Wl. Results 

lable I presents a condensed review of the rious 
conditions and results obtained (se Iso Fig 

It will be noted that uncoated, annealed r ex 
panded in. when cut, which indicates tl con 


siderable amount of stress was locked in the steel as a 


result of the manufacturing operations. The annealed 
uncoated rings expanded onl 6 in., so that obviously 
the stresses in the metal had been considerably reduced 
as aresult of the annealing effect of the firing cvcles. 

All the rings, moreover, that were coated with glass 
on the outside surface contracted in. when cut 
In other words, for rings having identical treatment, 
the contraction was the same whether thev were cut 


soon after glass lining or following a varying period of 


aging. The writers conclude that 
flow in the glass, even during the period of two years 
and three months. 

A check on these findings was obtained by taking ad 
ditional rings from the same length of tubing and glass 
coating them on the inside only. When these rings were 
cut, they expanded °/3. in. Because the 


uncoated rings normally expanded '/¢ in 


there was no plastic 


annealed, 
and rings 


Properties of Vitreous 
Soc., 19 [3] 86-90 


Physical 
Amer. Ceram 


paratus for Studying 
Eramels on Steel,’’ Jour 
(1936). 
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Fic. 1.—Three steel rings, each given different treat- 
ment, cut to show stress conditions; (A) no glass coating, 
no heat-treatment, *°/3:-in. expansion; (B) no glass coating 
but fired same as for glass coating, '/,.-in. expansion; (C) 
two coats of glass, outside only, */32-in. contraction, 


-Spring 


represents 
stee! ring 


Fic. 2.—Compression spring and bar couple analogous 
to relationship of glass coating on steel rings in experiments; 
(A) bar and spring held in equilibrium by two forces; 
relationship analogous to situation in glass-coated ring 
before it is cut; (8) with forces removed, spring balances 
the resistance of bar to further bending; relationship 
analogous to situation in glass-coated ring after it is cut 


with glass on the outside contracted only °/32 in., the 
net movement may be considered to be 7/3; in. This 
result checks with the movement of the rings glass 
coated on the inside only, inasmuch as the °/,-in. 
expansion of these rings should be corrected by sub- 
tracting the '/,.-in. expansion of the rings which were 
annealed but not glass coated. 


IV. Discussion of Results and Calculations 

After obtaining the foregoing results, which clearly 
indicated that no plastic flow took place in the glass 
coating, the authors cast about for some obvious expla- 
nation. No plastic flow in the glass would be expected 
unless there was a considerable amount of stress pres- 
ent in the glass to cause it to flow. To gain some knowl- 
edge concerning the magnitude of the stresses in the 
glass, a check was made on the studies on the stresses 
in steel tubing.‘ The investigators in this field found 
that the amount of opening or closing of a ring of metal 
cut from the tubing may be used in a formula to deter- 
mine the stress in the steel prior to cutting through the 
ring (formula (1)). 

Since this formula relates the movement of the ends 
of a cut steel ring to the stresses in the ring, the formula 
may also be used to calculate the stresses introduced 
in the steel when the glass is permitted to bend the steel 
ring after it is cut. 

* W. M. Frame, Casing Settling Depths Not Assured by 
Physical Properties of Steel. National Supply Co., 
American Petroleum Iast., May, 1938. 
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TABLE I 
CONDITIONS AND RESULTS OBTAINED ON TEST SAMPLES 


Movement of 


cut ends 
No. of allowing for Time between 
; each width of glass lining 
Treatment of rings type saw cut (in.) and cutting 
(Expansion) 
Not glass coated F 
4 32 
Not annealed 
Not glass coated 4 1/ 
Annealed by 2 firing ” 
cycles to 1600 °F. 
Two glass coats 2 /ss 9 hr. 
Inner surface only 
(Contraction) 
Two glass coats 5 > 
Outer surface only 4 - 2 hr. 
Two glass coats 5/ 9 
Outer surface only é = 12 mo. 
Two gless coats 5 5/9 2 yr. and 3 mo. 


Outer surface only 


Figure 2 shows an analogy to the situation in the 
glass-coated rings. For purposes of analysis, it is more 
simple to think of the glass as a compression spring not 
fastened to the steel except at the ends. Before cut 
ting the ring, the glass coat cannot bend the steel (the 
situation is shown in the view on the left (Fig. 2 (A)). 
When the rigidity of the ring is destroyed by cut*ing 
through it at one point in its circumference, the glass 
coat is strong enough to bend the steel. This is repre- 
sented in the view on the right (Fig. 2 (B)). It should 
be noted that in Fi ig. 2 (B) the spring is still under con- 
siderable compression and is in balance with the resist- 
ance of the steel to bending. 

From formula (1), the moment in the steel is found to 
be 1.95 in.-lb. when the ring is contracted °/3.,in. This 
moment is produced by a load in the glass coat acting 
ona mement arm 0.0235 in. long, the distance from the 
neutral axis of the steel to the center of the glass coat. 

The load, or force, in the glass coat must then be 
equal to the moment in the steel divided by the moment 
arm, which is 83 Ib. 

The section area of the glass is approximately 0.01 
sq. in., and the stress in the glass must be 8300 Ib. per 
sq. in. when the ring is contracted °/3. in. 

The contraction of the ring, however, lowered the 
stress in the glass, and it was desirable to know the 
stress in the glass before the ring was cut. 

Figure 3 shows an analysis of a method of arriving at 
the change in length of a unit length of glass when the 
ring expands or contracts. It is based on the assump- 
tion that when the steel bends the neutral axis does 
not change in length. Thus Jig = Leg. If Lig is 1 in. 
and since R,, R2, and d can be measured or calculated in 
inches, then ¢ (the elongation in in. per in.) can be cal- 
culated and is 2.6 X 10~‘in. per in. 


M =< 2aEI 
4rR? (1) 
M = moment of forces (in.-Ib.). 
a@ = opening or closing of ring (in.). 
E = modulus of elasticity of steel (30 * 10 Ib./sq. in.). 
I = moment of inertia (in. to 4th power). 
R = radius of ring to center line of steel. 


AB 


Fic. 3.—Method of calculating change in unit length of 
glass coating when ring contracts. Lig = glass length be- 
fore cutting; Jeg = glass length after cutting; Lis = 
steel length before cutting; Zs = steel length after cut- 
ting; « = elongation of glass (in./in.); d = distance from 
center line of glass to center line of steel; R; = radius to 
center line of steel before cutting; R, = radius to center 
line of steel after cutting. 

Lie = R, + d and Lag = Ry + d 


Lis Ins 
15 = las = ] in. 


This value of ¢ may be used in formula (2). 
S = Ee (2) 
S stress (Ib./sq. in.). 


E = modulus of elasticity 10,000,000 Ib./sq. in. 
S = 2600 Ib./sq. in.. 


This 2600 Ib. per sq. in. is the decrease in stress in the 
glass as the ring contracts after being cut. Since the 
stress in the glass after contraction was calculated to be 
8300 Ib. per sq. in., the sum of these figures, 10,900 Ib. 
per sq.in., is the calculated stress in the glass before 
the rings were cut. 

This value, 10,900 Ib. per sq. in., is only about 10% of 
the compression strength of glass; percentage-wise, it 
is not impressive. Spencer,? however, obtained 9 cm. 
permanent bend in a 1-meter bar supported at the ends 
and weighted in the center. The data he furnished indi- 
cate an imposed stress of the order of 3000 Ib. per sq. in. 
This stress is roughly 25% of the probable tensile 
strength® of the glass and is therefore greater percent- 
age-wise than the compressive stresses found in the 
glass-coated rings. The stress, however, in the glass on 
the steel rings was aBout three times the stress in the 
glass tube which suffered plastic flow. Therefore, it ap- 
pears that the absence of plastic flow must be ascribed 
to some other restraining influence, perhaps derived 


5(a) A. I. Andrews, Enamels, p. 
Printing Co., Champaign, IIl., 1938. 
Abs., 14 [7] 158 (1935). 

(6) H. Hovestadt, Jena Glass and Its Scientific and 
Industrial Applications, p. 149. Tr. by J. D. Everett and 
Alice Everett. Macmillan Co., London, 1902. 

6 C. W. Parmelee and D. T. Shaw, ‘‘Effect of Additions 
of CaO and MgO on Enamel Glasses,’”’ Jour. Amer. Ceram. 
Soc., 13 [7] 498-508 (1930). 


360. Twin City 
410 pp.; Ceram. 
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from the very small thickness dimension and the rela- 
tively large ratio of surface to mass. 


V. Technical and Mathematical Considerations 

Concerning the stresses in the glass on the steel rings, 
the authors were interested only in obtaining accuracy 
within 10% of the true values. To have obtained 
greater accuracy than this would have increased the 
amount of work many fold without contributing any- 
thing to the knowledge of the behavior of the glass un- 
der the conditions described. It was useful, however, 
to know whether the stresses were low or high. Ac- 
cordingly in the calculations, the value of 10 X 107 Ib. 
per sq. in. was used for the modulus of elasticity, al- 
though it is known that the true modulus for various 
glasses may be 5 to 10% lower or higher than this figure. 

In order to simplify the calculations, the bending 
moment in the glass itself was neglected, and it was 
assumed that the stresses in the glass were in straight 
compression only. A further assumption that the 
stresses act at the center line of glass and steel is 
reasonably accurate, especially since the glass was only 
0.010 in. thick. Owing to the bending moments men- 
tioned and to the variations in coefficient of expansion, 
this assumption is not theoretically correct. 

Formula (1), M = 2aEI/4mR?, used to calculate the 
moment in the steel after the rings were cut, was de- 
veloped for use where steel rings expand and contract 
because of internal stresses in the steel itself. It is 
believed that no great errors are involved when the 
formula is used for glass-coated rings instead of plain 
steel rings. 

The measurements of the expansion or contraction 
of the rings were made with an accuracy within '/ in. 
In view of the purpose of the measurements and because 
of the other assumptions and the practical impossibility 
of accurate values of all the factors involved, this accur- 
acy of measurement was considered to be satisfactory. 


Vi. Summary 

(1) Equal contraction of glass-coated steel rings cut 
immediately after firing and those cut one and two years 
later indicates no plastic flow of the glass coating. 

(2) Calculations indicate a compressive stress of 
10,900 Ib. per sq. in. in the glass coating. 

(3) No definite explanation is advanced for the ab- 
sence of plastic flow under such stress values except the 
suggestion that the cross-section dimensions of the 
glass and relatively large surface area may account for 
restraining forces. 
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N. J. (1946) 

Structural Clay Products: Frederick WHeath, Jr., 
Owens-Corning Fiberglas Corp., Toledo, Ohio 
(1945) 

White Wares: J. W. Hepplewhite, Edwin M. 
Knowles China Co., Newell, W. Va. (1947 

Institute of Ceramic Engineers; H. M. Kraner 
Bethlehem Steel Co., Bethlehem, Pa. (1947) 

Ceramic Educational Council: R. M. Campbell, 
New York State College of Ceramics, Alfred, N. Y. 
(1947) 


* Date of expiration of term of office in parentheses 


DIVISION OFFICERS 
Design 
Chairman: W. A. Weldon, Locke Insulator Corp 
Baltimore, Md. 
Secretary: Myrtle M. French, Art Institute of 
Chicago, Chicago, III 


Enamel 
Chairman: H. D. Carter, Harshaw Chemical Co. 
Cleveland, Ohio 
Secretary: D. G. Moore, National Bureau of 
Standards, Washington, D. C. 


Glass 
Chairman: K. C. Lyon, Armstrong Cork Co, Mill- 
ville, N. J. 


Secretary: S. R. Scholes, N. Y. State College of 
Ceramics, Alfred, N. Y. 


Materials and Equipment 
Chairman: J. R. Kauffman, Allied Engineering Co 
Milltown, N. J. 
Secretary: VV. J. Roehm, Kentucky Clay Mining 
Co., Alliance, Ohio 


Refractories 
Chairman: W. R. Kerr, Armstrong Cork Co 
Beaver Falls, Pa. 
Secretary: E. E. Callinan, Timken Roller Bearing 
Co., Timken Steel & Tube Div., Canton, Ohio 


Structural Clay Products 
Chairman: R. L. Stone, Univ. of North Caroline 
Raleigh Unit, Raleigh, N. C. 
Secretary: R. L. Ferguson, 730 Stuart Bldg., Lincolr 
Nebr. 


White Wares 
Chairman: J. W. Whittemore, Virginia Poly- 
technic Institute, Blacksburg, Va. 
Secretary: C. M. Lambe, Jr., Univ. of North 
Carolina, Raleigh Unit, Raleigh, N. C. 


OFFICERS OF THE FELLOWS 
Dean: R. B. Sosman, U. S. Steel Corp., Kearny, N. J 
Associate Dean: Howells Frechette, Bureau of 
Mines, Ottawa, Ontario, Canada. 
Secretary-Treasurer: R. M. King, Ohio State Uni- 
versity, Columbus, Ohio 


Secretary-Editor: R. C. Purdy, 2525 North High St. 
Columbus 2, Ohio 
Past-President: C. E. Bales, Ironton Fire Brick Co 

Ironton, Ohio 
Past-President: L. J. Trostel, General Rzfractories 
Co., Baltimore, Md. 


INSTITUTE OF CERAMIC ENGINEERS 
President: M. F. Beecher, Norton Company, Wor- 
cester, Mass. 
Vice-President: T. A. Klinefelter, U. S. Bureau of 
_ Mines, Tuscaloosa, Ala. 
Secretary: R.S. Bradley, A. P. Green Fire Brick Co 
Mexico, Mo. 
CERAMIC EDUCATIONAL COUNCIL 
President: C. M. Dodd, lowa State College, Ames 


lowa 

Vice-President: A. 1. Andrews, University of Illinois 
Urbana, III 

Secretary: Paul S. Dear, Virginia Polytechnic Insti- 


tute, Blacksburg, Va. 
LOCAL SECTIONS 


Baltimore- Washington 
Chairman: W. R. Lester, Maryland Glass Co 
Baltimore, Md. 
Secretary: C. B. Shelley, General Refractories Co 
Baltimore, Md. 
Central Ohio 
Chairman: H. J. Orlowski, O.S.U. Engr. Expt 
Sta., Columbus, Chio 
Secretary: A. C. Jackson, Claycraft Co., Colum- 
bus, Ohio 
Chicago 
Chairman: Hugo Filippi, Illinois Brick Co., 298 
N. LaSalle St., Chicago, III 
Secretary: J. J. Svec, Industrial Publications, Inc 
59 E. Van Buren St., Chicago, III. 


Michigan 
Chairman: J. F. Quirk, A C Spark Plug Co., 
Flint, Mich 
Secretary: W. V. Blake, Macklin Co., Jackson, 
Mich. 


Northern California 
President: W.\. Bragdon, California Faience Co., 
Berkeley, Calif. 
Secretary: P. C. Valentine, Del Monte Properties 
Co., San Francisco, Calif 
Northern Ohio Section 
Chairman: E. M. Sarraf, Harbison-Walker Refrac- 
tories Co., Cleveland 13, Ohio 
Secretary: S.M. Swain, North American Refrac 
tories Co., Cleveland 14, Ohio 
Pacific-Northwest 
President: Gordon Adderson, Gladding, McBean 
& Co., Renton, Wash 
Secretary: K. G. Skinner, Bureau of Mines 
Univ. of Washington, Seattle, Wash. 


Pittsburgh 
Chairman: W. C. Rueckel, Koppers Co., Pitts- 
burgh, Pa 
Secretary: J. W. Jordan, Mellon Institute, Pitts- 
burgh, Pa. 


Southern California 
Chairman: R. F. Evans, Gladding McBean, & Co. 
Glendale, Calif. 
Secretary: Guy Wurtsbaugh, Pacific Clay Products 
Los Angeles, Calif. 
St. Louis 
Chairman: H. H. Hanna, Pittsburgh Plate Glass 
Co., Crystal City, Mo. 
Secretary: J. lH. lvery, Hydraulic Press Brick Co., 
St. Louis, Mo 
Upstate New York 
Chairman: M. H. Berns, Electro Refractories & 
Alloys Core , Buffalo, N. Y 
Secretary: E.£.Kunzman, Titanium Alloy Mfg. Co 
Niagara Falls, N. Y. 


‘L ‘ALZIDO 


VSE-LLE "Ad ‘LL JOA 


